AN  APPLICATION  OF  / /*  \ 

THE  INTERREGIONAL  « MHW 
I/O  MODEL  FOR  THE  A-  M 
STUDY  OF  THE  ' 'frL.-y 

i J IMPArT 

- £ y*  THE  McCLELLAN-KERR 
Aa_\£  A \ ARKANSAS  RIVER 
■ 1^/  MULTIPLE  PURPOSE 

PROJECT c 

APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  UNLIMITED^ 

y _ y *\ 


A tf PORT  SUIMITTCD  TO. 

U.S.  ARMY  ENGINEER  INSTITUTE  FOR  WATER  RESOURCES 

MHGMAN  1UHD1NG 


PORT  RIIVOIR.  VIRGINIA  22060 


MARCH  1977 


_ 5r\3T;I 

li",- 

— I r mt , K 


Hi 


& 


■ ■■■m  r 


.1' 


J..  ._*5!  I a.4 


! WR  CONTRACT  REPORT  77-2 


. *3  " 


r 


AN  APPLICATION  OF  THE  INTERREGIONAL  I/O  MODEL  FOR  THE  STUDY 
OF  THE  IMPACT  OF  THE  McCLELLAN-KERR  ARKANSAS 
RIVER  MULTIPLE  PURPOSE  PROJECT 


A Report  Submitted  to: 

US  Army  Engineer  Institute  for  Water  Resources 
Kingman  Building 
Fort  Belvoir,  Virginia  22060 


Under 

Contract  No.  DACW31-74-C-0047 
By 

Dr.  Ungsoo  Kim 
Assisted  by  Dr.  Cheol  Park 
& Dr.  Sang  Kyung  Kwak 

of 


-4 

x 


MARCH  1977 


Institute  of  Social  and  Behavioral  Research 
The  Catholic  University  of  America 
Washington,  D.C.  20017 


ACicSSij#  far 
KTIS 


DOS 

VX.MNO'JKCfO 

J«SIif!C4T|CK 


W> it  SKftaa 
Inti  Itc-'IM  Q 

□ 


tr. 


DSTHKITWII/HKIIUIIITY  cotej  * 


_>lu.  iYtIL.  lit/or  sruiti 


fll 


IWR  Contract  Report  77-2 


National  Technical  Information  Service 
U.S.  Department  of  Commerce 
Springfield,  Virginia  22151 


'.UNCLASSIFIED 


^SECURITY  CLASSIFICATION  OF  This  PAGE  (When  Dele  Entered) 


\ REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM  ( 

l.'^EPOBT  NUMBER  S7  !J  2.  GOVT  ACCESSION  NO, 

lWR/Contraclij5plf*^77-2  // 

RECIPIENT'S  CATALOG  NUMBER  1 

1- 

«.  TITLE  (mnd  Submit) 

An  Application  of  the  Interregional  I/O  Model 
for  the  Study  of  the  Impact  of  the  McClellan- 
Kerr  Arkansas  River  Multiple  Purpose  Project  . 

^ TYPE  OF  REPORT  6 PERIOD  COVERED 

j Final  ft, f*U/ 

6 PERFORMING  dfcC;.afEPORT  NUMBER 

*— AUTHOR/*)  y J/ 

ft.  CONTRACT  OR  GRANT  NUMBER/*) 

Ungsoo/icim  * 

r fi.ae±eted  by-Qc'. i Cheol/Park  . Sang  Kyung 

{ DACW31-74-C-0047  J 

/fewak 

L ’ "^~/  J t*- 

r PERFORMING  ORGANIZATION  NAME  A NO  ADDRESS  . 

Institute  of  Social  & Behavioral  Research 
The  Catholic  University  of  America  '// 

Washington,  D.C.  20017  S 

10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A WORK  UNIT  NUMBERS 

II.  CONTROLLING  OFFICE  NAME  AND  AODRESS 

USA  Engr  Institute  for  Water  Resources  — 

Kingman  Building  . n 

Ft.  Belvoir,  Virginia  22060  / / 

^2  REPORT  DATE 

Marufc  W77  j 

U.  NUMBBN  OF  WKISVS 

-"Tnr"  > 1 4 • / 

*4.  MONITORING  AGENCY  NAME  4 ADORESS/1/  dilterent  Irom  Controlling  Office) 

15.  SECURITY  CLASS,  fot  fh Jo  report) 

UNCLASSIFIED 

15*.  DECLASSIFIC  ATI  ON/ DOWN  GRADING 
SCHEOULE 

16.  DISTRIBUTION  STATEMENT  (of  this  Report) 

Approved  for  public  release;  distribution  unlimited. 

f 7.  OtSTRtBUTtON  STATEMENT  (ot  (he  abstract  entered  Jn  Block  20,  II  different  Irom  Report)  \ 

10.  supplementary  notes 

19.  KEY  WORDS  (Continue  on  reverse  side  it  nec eatery  end  Identity  by  block  number) 

Interregional  Input-Output  Model,  Construction  Impact,  Trade  Flow,  Final 
Demand,  Household  Income,  Income  and  Output  Multipliers. 

20  ABSTRACT  ( Continue  on  reverse  side  It  necessmry  end  Identify  by  block  number) 

Tiiis  report  is  one  of  a series  examining  the  impacts  of  tue  completed 
HcClellan-Kerr  Arkansas  River  .Navigation  System.  Tne  primary  objective  of 
this  contract  study  was  to  apply  t.ie  Interregional  Input-Output  Model  of  tne 
United  States,  developed  for  the  Economic  Development  Administration  by 
harvard  University  to  tne  assessment  of  the  impacts  of  constructing  tne 
McCleilan-derr  project.  Tue  model  will  also  be  used  to  assess  tne  economic 
anu  spatial  impacts  of  recreation  and  navigation  among  otner  project  outputs.- 

DD  , 5ST»  1473  «wt.om  OF  , NOV  « ,S  OBSOLETE UNCMS  S IF  IED f 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  r»*»n  £>•'•  Entered) 


TABLE  OF  CONTENTS 


Page 


Chapter  I INTRODUCTION 1 

Purpose  of  the  Study 1 

Organization  of  the  Study  1 

Chapter  II  THE  MODEL  FOR  THE  IMPACT  STUDY 3 

Interregional  I/O  Model  with  Fixed  Column  Coefficients.  4 
Structural  Relationships  & Operation  of  the  Model  ...  6 

Dimensions  of  the  I/O  Model  for  MKARMPP 8 

Chapter  III  PRIMARY  DATA  INPUT 12 

Regional  Technical  Coefficients  12 

Trade  Coefficients 13 

Regional  Household  Coefficients  13 

Construction  of  Final  Demand  Vectors 16 

Chapter  IV  IMPACT  EVALUATION  28 

Analysis  of  Multipliers  28 

The  Impact  of  MKARMPP  Through  10  Sector  Model  33 

Sensitivity  Analysis 43 

The  Impact  of  MKARMPP  Through  an  80  Sector  Model.  ...  45 

Chapter  V SUMMARY  AND  CONCLUSION 49 

Summary  of  the  Study 49 

Limitations  of  the  Study 53 

Conclusions  of  the  Study 53 


APPENDICES 

A Procedures  for  the  Construction  of  the  Interregional 

I/O  Model  for  Potential  Use  in  McClellan-Kerr 

Arkansas  River  Multiple  Purpose  Project  Impact  Study.  . A-l  - A-59 
B Water  Resources  Project  Generating  Basic  Cost  Data.  . . B-l  - B-3 


C Computer  Programs C-l  - C-87 

D Selected  Bibliography D-l  - D-7 


FOREWARD 


4 

h 


X 


'\ 

i 

/i 

t 


1 

i 

i 

■« 

( 

¥■ 


This  report  is  one  of  a series  examining  the  impacts  of  the  completed 
McClellan-Kerr  Arkansas  River  Navigation  System.  The  primary  objective 
of  this  contract  study  was  to  apply  the  Interregional  Input-Output  Model 
of  the  United  States,  developed  for  the  Economic  Development  Administration 
by  Harvard  University  to  the  assessment  of  the  impacts  of  constructing  the 
McClellan-Kerr  project.  The  model  will  also  be  used  to  assess  the  economic 
and  spatial  impacts  of  recreation  and  navigation  among  other  project  out- 
puts. 

The  gross  direct  and  indirect  construction  impact  of  the  project  was 
estimated  by  the  Interregional  Input-Output  Model  to  be  $6.4  billion  in 
output  and  $2.1  billion  in  household  income  in  1963  dollars.  Of  this 
amount,  apparently  35.8  percent  of  the  output  and  52  percent  of  the  in- 
come are  estimated  to  be  shared  by  the  project  region.  This  assessment 
is  based  on  essentially  short-term  construction  impacts  and  does  not 
represent  net  increments  of  national  income.  Other  more  enduring  benefits 
and  costs  will  be  obtained  through  the  functional  outputs  of  the  McClellan- 
Kerr  Arkansas  River  Navigation  System — transportation,  flood  control,  water 
supply,  electric  power,  sediment  control  and  channel  stabilization,  recrea- 
tion and  fish  and  wildlife  enhancement. 

This  report  presents  a careful  description  of  the  model  used,  the  assump- 
tions adopted,  the  procedures  for  adapting  the  national  Input-Output  Model 
to  project  evaluation  and  the  programs  and  data  summaries  for  all  major 
steps  of  analysis.  The  model  is  operational  on  Corps  of  Engineers  computer 
equipment  and  available  for  adaptation  to  other  project  studies  with  re- 
latively modest  investment. 

Other  published  reports  in  the  series  on  impact  of  the  McClellan-Kerr 
Arkansas  River  Navigation  System  include: 

IWR  Research  Report  75-R3,  An  Overview  of  the  Impact  Study  of  the 
McClellan-Kerr  Multiple  Purpose  Arkansas  River  System,  Jul  75. 

IWR  Contract  Report  74-5,  Regional  Response  Through  Port  Development: 

An  Economic  Case  Study  on  the  McClellan-Kerr  Arkansas  River  Project, 
Aug  7 4 . 

IWR  Contract  Report  74-6,  Evaluation  of  Interregional  Input-Output 
Models  for  Potential  Use  in  the  McClellan-Kerr  Arkansas  River 
Multiple  Purpose  Project  Impact  Study,  Aug  74. 

IWR  Research  Report  74-R2,  Discriminant  Analysis  Applied  to  Commodity 
Shipments  in  the  Arkansas  River  Area , Aug  7 4 . 
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Chapter  I 


Introduction 


The  McCIellan-Kerr  Arkansas  River  Multiple  Purpose  Project  (MKARMPP) , as 
a federal  water  resource  development  project  for  the  Arkansas  River  Valley 
area,  was  originated  in  1946  under  the  responsibility  of  the  Army  Corps  of 
Engineers.  The  purpose  of  the  project  was  to  develop  the  Arkansas  River 
Valley  through  the  control  of  floods,  the  supply  of  water  and  electric 
power,  and  the  improvement  of  the  navigation  of  the  Arkansas  River  as  far 
as  Tulsa,  Oklahoma.  As  the  resource  development  projects  evolve,  there 
will  emerge  a wide  range  of  impacts  which  will  have  a significant  bearing 
on  economic,  political,  social,  and  environmental  conditions  within  the 
immediate  river  valley  area.  This  area  is  considered  as  the  project  impact 
region  and  includes  over  60  countries  in  the  OBE  functional  areas  of  117, 
118,  and  119.  In  addition  to  the  project  impact  on  the  project  region,  the 
impact  on  the  neighboring  areas  is  also  significant  either  by  direct 
influence  or  through  trade  with  the  impact  region.  Therefore,  the  impact 
study  of  the  MKARMPP  should  encompass  a comprehensive  effect  of  the  project 
on  the  project  region  as  well  as  those  on  neighboring  regions  with  which 
the  impact  region  has  trade  relationships. 


Purpose  of  the  Study 

The  purpose  of  this  study  is  to  analyze  the  economic  impact  of  the  McClellan- 
Kerr  Arkansas  River  Multiple  Purpose  Project.  The  economic  impact  will  be 
measured  in  terms  of  the  increase  in  output  and  income  resulting  from  the 
construction  expenditures  of  MKARMPP  on  local  and  national  economies  and  on 
interindustry  and  interregional  relationships. 

Some  of  the  specific  objectives  of  this  study  are:  (1)  to  construct  an 

interregional  I/O  model  for  the  impact  study;  (2)  to  convert  the  MKARMPP 
cost  into  regional  final  demand  vectors;  (3)  to  estimate  the  direct  and 
indirect  and  induced  construction  impact  of  the  MKARMPP  in  terms  of  out- 
put and  income;  and  (4)  to  provide  a sensitivity  analysis  of  the  model. 


Organization  of  the  Study 

In  the  following  chapter,  we  present  the  basic  model  for  this  impact  study, 
which  is  an  interregional  input-output  model. 


In  Chapter  III,  the  basic  data  required  for  this  I/O  model  are  estimated. 
These  data  include:  (1)  regional  technical  coefficients;  (2)  trade  coeffi- 

cients; (3)  regional  household  income  and  expenditure  coefficients;  and  (4) 
regional  final  demands. 


An  analysis  and  evaluation  of  the  impact  of  MKARMPP  are  presented  in 
Chapter  IV.  A brief  explanation  is  given  to  various  kinds  of  multipliers. 

A sensitivity  analysis  is  also  included  in  this  chapter.  In  the  sensiti- 
vity analysis,  a comparative  evaluation  of  the  investment  impact  resulting 
from  the  hypothetical  change  in  project  type  holding  the  project  region 
constant  and  vice-versa  is  attempted. 

In  the  last  chapter  we  will  summarize  the  overall  study  and  some  concluding 
remarks  will  follow.  Statistical  data,  formulae,  and  computer  programs 
which  complement  the  main,  explanation  are  included  in  the  Appendices  attached 
to  the  main  text  and  in  separate  volume. 


Chapter  II 

The  Model  for  the  Impact  Stud 
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An  Input-Output  model  is  widely  used  for  an  impact  study  in  which  an  economic 
projection  and  structural  relationships  among  disaggregated  industrial  sec- 
tors are  to  be  pursued.  Since  the  publication  of  the  input-output  analysis 
by  Professor  Leontief  in  1936  the  development  of  interindustry  economic 
analysis  in  both  theory  and  empirical  application  is  significant.  For 
recent  developments  in  the  I/O  field  see  the  annual  proceedings  of  the 
International  Conference  on  Input-Output  Techniques  at  Geneva  and  other 
empirical  applications . ^ 

There  are  several  alternative  I/O  models:  national,  regional,  interregional, 

and  international  I/O  models.  Depending  upon  the  extent  of  impact  to  be 
measured,  the  model  can  also  be  classified  into  open  and  closed  categories. 
While  an  open  model  provides  only  the  direct  and  indirect  impact  of  a given 
investment,  with  a closed  model  one  can  extend  the  measurement  of  the  impact 
which  is  induced  by  the  increase  in  consumption  expenditures  resulting  from 
the  increase  in  an  output.  For  a theoretical  exposition  of  various  alterna- 
tive I/O  models  refer  to  any  standard  textbook  dealing  with  Input-Output 
studies . 2 

As  has  been  described  in  the  previous  chapter,  the  aim  of  the  impact  study 
of  the  MKARMPP  is  to  measure  the  construction  impact  of  the  investment  in 
terms  of  interindustry  and  interregional  relationships.  The  model  for  the 
impact  study  which  is  adopted  here,  is  the  closed  interregional  I/O  model 
with  fixed  colum  coefficients.  For  the  detailed  reasons  on  which  the  model 
for  this  impact  study  is  adopted  see  the  previous  research  reports. ^ In 
this  chapter  a brief  description  of  the  interregional  I/O  model  with  a fixed 
column  coefficient  variety  and  its  operation  for  the  solution  in  general  is 
described  first,  and  some  of  the  specific  characteristics  of  the  model 
unique  to  this  impact  study  will  follow. 


Philip  Bourque  and  Millicent  Cox,  An  Inventory  of  Regional  Input-Output 
Studies  in  the  United  States.  Seattle:  Graduate  School  of  Business 

Administration  University  of  Wisconsin,  1970. 

y 

Hollis  B.  Chenery  and  Paul  G.  Clark,  Interindustry  Economics,  New  York: 
John  Wiley  & Sons,  Inc.,  1967  and  William  H.  Miernyk,  The  Elements  of 
Input-Output  Analysis,  New  York:  Random  House,  1965. 

O 

Ungsoo  Kim,  "Research  Report  for  Evaluation  of  Interregional  Input-Output 
Models  for  Potential  Use  in  the  McClellan-Kerr  Arkansas  River  Multiple 
*•5  Purpose  Project  Impact  Study."  Contract  No.  DACW  31-72-C-0059 , Phase  I 

& II,  Submitted  to  IWR,  U.S.  Army  Corps  of  Engineers,  1972. 
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An  Interregional  I/O  Model  with  Fixed  Column  Coefficients 


In  an  interregional  I/O  model,  two  sets  of  structural  relationships,  inter- 
industrial and  interregional,  are  considered  in  combination.  Industries 
are  related  by  input-output  activities,  on  the  one  hand,  and  regions  are 
related  by  trades.  Economic  activities  are  analyzed  in  terms  of  both 
input-output  among  industries  and  trades  among  regions.  Structural  patterns 
(coefficients  of  these  structural  relationships)  are,  in  Isard's  notation, 
expressed  as  a??,  where  the  amount  of  commodity  i from  region  r is  required 
to  produce  one  dollar's  worth  of  output  in  region  s.1*  Such  two  dimensional 
information,  however,  is  not  readily  available.  Or  it  may  be  available  at 
the  expense  of  unrealistic  time  and  cost.  The  fixed  column  coefficient 
variety  of  an  interregional  I/O  model  was  developed  first  by  Chenery  and 
Moses. 5 in  this  model,  the  interregional  I/O  coefficient  (a!—)  is  estimated 
by  two  separate  coefficients:  i.e.,  regional  technical  coefficient  (afj) 

and  trade  coefficient  (tTs).  a|j  represents  the  it^1  input  required  for 
producing  one  dollar's  worth  of  j1-*1  commodity  in  region  s disregarding 
the  region  of  its  origin.  t?s  represents  the  fixed  proportion  of  total 
receipts  (consumption)  of  the  ic^  commodity  by  region  s from  region  r. 

The  trade  coefficients  are  derived  by  ratios  of  a regions'  purchase  of  a 
" commodity  from  various  regions  including  its  own,  and  are  derived  from 

the  base  year  trade  flow  estimates.  Thus  the  sum  of  the  coefficients 
equals  one. 

However,  the  above  trade  pattern  does  not  specify  the  interindustry  rela- 
, tionships  between  trading  regions.  It  is  assumed  that  each  purchasing 

industry  in  region  s purchases  the  same  proportion  of  the  it*1  input  from 
1 the  region  r.  Thus,  in  the  fixed  column  coefficient  model  a?f  = a?.  • tls. 

Having  estimated  the  above  two  structural  coefficients,  a|j  and  t?s,  the 
ft  solution  of  the  interregional  I/O  model  is  obtained  by  the  following  equa- 

j tion,  X = (I-TA)-^  TY . The  following  section  will  briefly  explain  some 

of  the  theoretical  and  operational  aspects  of  this  model  in  terms  of 
matrices . 
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Walter  Isard,  "Interregional  and  Regional  Input-Output  Analysis:  A 

Model  of  a Space-Economy,"  Review  of  Economic  Statistics,  XXXIII  (Novem- 
ber 1951). 

5 H.B.  Chenery,  "Interregional  Analysis,"  in  Interindustry  Economics  by 
Chenery  and  Clark,  New  York.  John  Wiley  & Sons,  Inc.,  1967,  Ch.  12, 
pp.  308-332;  and  L.  Moses,  "The  Stability  of  Interregional  Trading 
Patterns  and  Input-Output  Analysis,"  AER , XLV  (December  1955). 
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Notation 


The  following  notation  will  be  helpful  in  our  operational  explanation  of 
the  model. 


(a)  Designation  notation 


n = designation  of  tfye  number  of  regions, 
m = designation  of  the  number  of  industries, 
(b)  Matrix  notation 


X = Column  vector  (mn,  1)  giving  production.  Each  element  describes 
the  output  of  commodity  i produced  in  region  r. 

Y = Column  vector  (mn,  1)  giving  total  final  demand.  Each  element 

describes  the  total  amount  of  commodity  i consumed  by  final  users 
in  region  r regardless  of  the  place  where  the  good  was  produced. 

A = Block  diagonal  matrix  (mn,mn)  with  n square  matrices  (m,m)  of  in- 
put coefficients  along  the  diagonal  describing  the  structure  of 
production  in  each  region. 


T = Square  matrix  (nm,nm)  filled  with  diagonal  matrices  (m,m).  Each 

element  t^s  describes  the  fraction  of  total  consumption  of  commodity 
i in  region  s that  is  imported  from  region  r.  The  sum  of  each 
column  of  this  matrix  must  equal  to  unity,  since  the  coefficients 
are  proportions  of  the  total  consumption.  It  is  assumed  that 


t^s  = trs 

= trs  = 

— 

t?s  . 

1 

il 
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X = 
(nm.l ) 


<r  = 

mediate  consumers  in  region  s* 

x°°  = the  total  amount  of  commodity  i produced  (consumed)  in  all  regions. 

t£s  = a trade  coefficient  which  is  the  proportion  of  the  total  consump- 
tion of  commodity  in  region  s that  is  shipped  from  region  r to 
region  s. 
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The  Structural  Relationships  and  Operation  of  the  Model 

The  structure  of  production  specified  by  A and  the  structure  of  inter- 
regional trade  specified  by  T are  essential  for  the  column  coefficient 
model.  The  relationships  of  economic  activities  among  industries  and 
regions  are  specified  by  the  following  sets  of  equations: 


0) 


or  p po  p 

X-:  = E a',  .x  . + y . , 

1 j=i  ’JJ  V 


(2)  4S  - *?*?> 

ro  n rs 

(3)  Xi  = E xi  , and 


/ a \ OS  l 

(4)  x,-  = E x,- 

r=l 


rs 


where  i = 1,  2...m  and  r,  s = 1,  2...n. 


These  basic  economic  relationships  are  interpreted  as  follows:  the  first 

equation  shows  the  total  amount  of.  a commodity  demanded  and  supplied  in  a 
region.  The  total  amount  of  commodity  i demanded  by  the  intermediate  and 
final  users  in  a region  must  be  equal  to  the  total  amount  of  the  commodity 
supplied  to  the  region.  The  second  equation  shows  the  total  amount  of 
commodities  traded  among  regions.  The  total  amount  of  commodity  i shipped 
from  region  r to  region  s is  a fixed  proportion  of  the  total  amount  of 
commodity  i purchased  by  region  s.  The  third  equation  simply  defines  the 
total  production  of  commodity  i in  region  r while  the  fourth  is  the  total 
consumption  of  the  commodity  in  region  s. 

Based  on  the  functional  relationships  of  economic  activities  among  indus- 
tries as  well  as  regions,  one  can  present  the  column  coefficient  model  in 
matrix  form  using  the  matrix  notations  previously  given.  The  model  is 
written  as: 

(5)  X°S  = ASXS°  + YS 


n c 
E XC 
s=l 


E TrSX0S 
s=l 


E X 
s=l 


= E X' 

S = 1 


where  s = 1,  2...n  and  r = 1,  2..'.n. 

In  equation  (5) , for  each  region  the  total  amount  of  commodities  demanded 
is  equal  to  the  total  amount  of  commodities  supplied.  This  form  of  rela- 
tionship is  always  used  in  the  interregional  input-output  models.  Equation 
(6)  shows  that  for  each  region  the  total  amount  of  commodities  shipped 
equals  the  total  amount  of  commodities  produced.  Thus,  for  each  region 
the  total  amount  of  commodities  shipped  is  the  sum  of  the  fixed  proportions 
(including  own  region's)  of  the  total  production.  Finally  the  balance  of 
the  total  production  and  the  total  consumption  is  maintained  as  showm  in 
equation  (7). 

Now,  combining  equations  (5)  and  (6)  the  result  shows  a production  equation 
in  terms  of  interregional  interindustry  activities  as  follows: 


n 

= E 
5 = 1 


TrSASXS0  + 


n rs  s 
E T Y , 
s=l 


where  r , s=l,  2. . .n. 

Transferring  the  first  term  on  the  right  hand  side  to  the  left,  the 
following  equation  is  obtained: 


(9)  (I  - TrSAS) 


.so 


o rs  s 

= Z T Y . 
s=l 


Equation  (9)  is  written  in  a general  form  in  the  set  of  mn  unknowns  and 
mn  equations  as  follows: 

(10)  (I-TA)X  = TY 


If  the  technical  coefficients  (A) , trade  coefficients  (T)  and  final  demands 
(Y)  are  given,  equation  (10)  can  be  solved  for  X as  follows: 

(11)  X = (I-TA)_1TY;  or  X = (T_1-A)_1Y 

In  order  to  deliver  one  dollar's  worth  of  an  industry's  output  to  the 
final  demand  in  one  region,  the  output  is  directly  and  indirectly  required 
from  the  industry  in  another  region. 


Dimensions  of  the  I/O  Model  for  MKARMPP 


For  the  application  of  the  above  fixed  column  coefficient  interregional 
I/O  model  in  the  impact  study  of  MKARMPP  (IRIO)  the  model  was  built  with 
four  internal  regions  closed  within  the  national  boundaries.  The  impact 
region  is  the  Arkansas  River  Valley  which  consists  of  OBE  economic  areas 
of  117,  118,  and  119:  parts  of  the  states  of  Arkansas  and  Oklahoma.  The 

impact  region  (Region  I)  is  the  project  region,  where  the  major  construc- 
tion impact  of  the  project  is  expected  to  fall.  The  Southern  Region 
(Region  II)  consists  of  the  states  of  Texas  and  Louisiana  and  the  rest 
of  Arkansas  and  Oklahoma  after  deducting  the  Impact  Region.  The  Northern 
Region  (Region  III)  consists  of  the  states  of  Kansas  and  Missouri,  and  the 
fourth  region  is  the  Rest  of  the  United  States.  The  division  of  the  region 
is  aimed  at  tracing  the  economic  impact  of  the  project  according  to  the 
existing  major  trade  patterns  of  the  impact  region  with  other  regions. 

The  regional  boundaries  are  shown  in  Map  1. 


Each  region  of  this  model  has  83  industrial  sectors,  79  sectors  being 
producing  sectors.  Table  1 siiows  the  classification  of  industries  by  I/O 
sector.  The  79  producing  sectors  are  also  aggregated  into  10  major  pro- 
ducing sectors.  The  classification  of  industry  sectors  is  based  on  the 
availability  of  the  original  data  set  which  will  be  discussed  in  the 
following  chapter.  For  a more  detailed  discussion  of  the  division  of  the 
interna^  region  and  the  industrial  sector  refer  to  the  previous  research 
report . 
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Table  1 

Classification  of  I/O  Sector*  end  Aggregated  Industrie* 


it 


I 


i 


) 

A 


Aggregated  Industrie*  I/O  Industries 

1.  Agriculture,  Forestry  I.  Livestock  I livestock  products 

I Fisheries  2.  Other  agricultural  products 

3.  Forestry  & fishery 

4.  Agriculture) , forestry  4 fishery 
services 

2.  Mining  5.  Iron  I ferroelloy  ores  mining 

6.  Nonferrous  metal  ores  mining 

7.  Coal  mining 

6.  Crude  petroleum  & natural  gas 
9.  Stone  4 clay  mtninq  & quarrying 
10.  Chemical  l fertilizer  mineral  mining 

3.  Construction  1).  New  construction 

12.  Maintenance  I repair  construction 

4.  Nondurable  Manufacturing  13.  Ordnance  4 accessories 

14.  Food  4 kindred  products 

15.  Tobacco  manufactures 

IS.  Broad  4 narrow  fabrics,  yarn  I thread 
■til 

17.  Miscellaneous  textile  goods  4 floor 
coverings 

18.  Apparel 

19.  Mtscel laneous  fabricated  textile  products 

20.  lumber  4 wood  products  except  containers 

21.  Wooden  containers 

22.  Household  furniture 

23.  Other  furniture  and  fixtures 

24.  Paper  4 allied  products  except 
containers 

25.  Paperboard  containers  4 boxes 

26.  Printing  4 publishing 

27.  Chemicals  4 selected  chemical  products 

28.  Plastics  4 synthetic  materials 

29.  Drugs,  cleaning  4 toilet  preparations 

30.  Paints  4 allied  products 

31.  Petroleum  refining  4 related 
industries 

32.  Rubber  4 miscellaneous  plastic  products 

33.  Leather  tanning  4 industrial  leather  products 

34.  footwear  4 other  leather  products 

5.  Durable  Manufacturing  35.  Glass  4 glass  products 

36.  Stone  4 clay  products 

37.  Primary  Iron  4 steel  manufacturing 

38.  Primary  nonferrous  metals  manufacturing 

39.  Metal  containers 

40.  Heating,  plunbing  4 structural  metal 
products 

41.  Stampings,  screw  machine  products  4 
bolts 

42.  Other  fabricated  metal  products 

43.  Engine  4 turbines 

44.  Farm  machinery  4 equipment 

45.  Construction,  mining  4 oil  field 
machinery 

46.  Materials  handling  machinery  4 
equipment 

47.  Metalworking  machinery  4 equipment 

48.  Special  industry  machinery  4 equipment 

49.  General  industrial  macninery  4 equip- 
ment 

50.  Machine  shop  products 

51.  Office,  computing  4 accounting 
machines 

52.  Service  industry  machines 

53.  Electric  Industrial  equipment  4 
apparatus 

54.  Household  appliances 

55.  Electric  lighting  4 wiring  equipment 

56.  Radio,  television  4 communication 
equipment 

57.  Electronic  components  4 accessories 

58.  Misc.  electrical  machinery,  equip- 
ment 4 supplies 

59.  Motor  vehicles  4 equipment 

60.  Aircraft  4 parts 

61.  Other  transportation  equipment 

62.  Scientific  4 controlling  instrument 

63.  Optical,  ophthalmic  4 photographic 
equipment 

64.  Miscellaneous  manufacturing 

65.  Transportation  4 warehousing 

66.  Connuni cat  ions,  except  radio  4 TV 
broadcasting 

67.  Radio  4 TV  broadcasting 

68.  Electric,  gas,  water  4 sanitary 
services 

7.  Trade  69.  Wholesale  4 retail  trade 

8.  Finance,  Insurance  4 70.  Finance  a insurance 

Real  Estate  71.  Real  estate  and  rental 

9.  Services  72.  Motels;  personal  4 repair  services. 

except  auto 

73.  Business  services 

74.  Research  4 development 

75.  Automobile  repair  4 services 

76.  Amusements 

77.  Medical,  educational  services  4 
nonprofit  organization 

10.  Government  78.  Federal  government  enterprises 

Enterprises  79.  State  4 local  government  enterprises 

11.  Oirectly  Allocated  60.  Directly  allocated  Imports 

Imports 

12.  Transferred  Imports  81.  Transferred  imports 

13.  Value  Added  (Row)  82.  Value  added  (row) 

Tlnal  Demand  (Column)  Final  demand  (column) 

14.  Secondary  Products  83.  Secondary  products 


6.  Transportation, 
Communications  4 
Utilities 


i. 
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The  model  is  also  a closed  I/O  model  in  which  the  household  column  and 
row  coefficients  are  estimated  and  closed  in  the  model  in  order  to  esti- 
mate income  multiplier  effects  resulting  from  the  induced  household 
expenditures  from  the  project  construction. 


Chapter  III 


Primary  Data  Input 


The  primary  data  sets  of  input  for  the  IRIO  model  are:  regional  technical 

coefficients  (A),  trade  coefficients  among  regions  (T)  , the  pattern  of 
household  income  and  consumption  by  each  industrial  sector  (H)  , and 
the  pattern  of  final  demands  (Y)  . Direct  input  requirements  for  the 
production  of  a dollar's  worth  of  output  by  a purchasing  industry  in  a 
region  from  various  supplying  industries  and  their  regions  of  origin  are 
available  by  reading  the  direct  coefficient  table  in  Volume  II.  This 
table  is  derived  by  the  TA  matrix.  The  direct  and  indirect  requirements 
are  estimated  by  inverting  the  (I-TA)  matrix.  Estimated  household  income 
and  consumption  coefficients  are  used  to  close  the  I/O  model  so  that  the 
direct  and  indirect,  as  well  as,  induced  income  impact  of  the  investment 
can  be  evaluated.  The  direct,  indirect  induced  requirement  table  is  also 
available  in  Volume  II. 


Regional  Technical  Coefficients 


As  has  already  been  mentioned  in  the  preceding  chapter,  the  interregional 
technical  coefficient  af?  is  considered  as  a combination  of  regional  tech- 
nical coefficients  and  trade  coefficients,  i.e.,  a^j  = a|j  • tjs . The 
regional  technical  coefficient  matrices  for  the  IRIO  are  estimated  from 
the  51  states'  (including  Washington,  D.C.)  technical  coefficient  matrices 
estimated  by  the  Harvard  Research  group  for  the  Economic  Development 
Administration,  Department  of  Commerce. * The  state  technical  coefficient 
in  the  Harvard  study  are  estimated  by  the  1963  national  technical  coeffi- 
cients weighted  by  the  product  mix  pattern  of  each  state  in  the  same  year. 
To  estimate  the  A coefficient  matrix  for  the  IRIO,  each  states'  I/O  table 
is  aggregated  into  four  internal  regions  first.  Because  the  states  of 
Arkansas  and  Oklahoma  are  divided  into  the  Impact  Region  and  the  Southern 
Region,  however,  each  of  the  above  two  states'  I/O  tables  are  divided  into 
two  corresponding  parts.  The  way  in  which  the  original  data  set  in  the 
multiregional  Input-Output  Model  (MRIO)  is  manipulated  for  the  IRIO  is 
explained  in  Appendix  A.^  The  technical  coefficients  of  four  regions  in 
the  IRIO  for  both  the  79  sectors  and  for  their  aggregation  into  10  sectors 
are  shown  in  Volume  II . 


1 Karen  R.  Polenske,  A Multiregional  Input-Output  Model  for  the  United 
States , HERP  Report  No.  21  to  EDA,  Department  of  Commerce,  1970.  For 
the  more  detailed  information  see  supplementary  report  to  the  main 
report . 

^ Appendix  A is  a revised  version  of  the  consultant  report  to  the  IWR 
Army  Corps  of  Engineers  by  this  author  in  May  1973. 
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Trade  Coefficients 


The  basic  source  of  regional  trade  patterns  is  the  trade  flow  data  of  44 
U.S.  regions  in  the  MRIO  by  the  Harvard  study.  In  the  MRIO  the  trade 
flows  among  44  regions^  in  the  United  States  for  79  industrial  sectors 
were  estimated  using  1963  manufacturing  and  transportation  census  and 
other  census  data  for  agricultural  and  mining  industries.  The  estimate 
of  trade  flows  in  the  IRIO  is  estimated  by  aggregating  and  disaggregating 
the  trade  flows  of  44  U.S.  regions  into  four  region  trade  flows.  The 
detailed  procedure  in  estimating  trade  flows  in  the  IRIO  is  discussed  in 
Appendix  A.  The  trade  coefficients  for  IRIO  by  79  industrial  sectors  and 
aggregated  in  10  industrial  sectors  are  shown  in  Volume  II. 


Regional  Household  Coefficients 

in  order  to  measure  the  induced  impact  of  a project  through  an  I/O  model 
it  is  necessary  to  close  the  household  sector  in  the  processing  matrix 
of  an  I/O  model.  The  matrix  of  an  inverse  of  direct  I/O  coefficients 
including  household  coefficients  of  an  I/O  model  provides  the  direct, 
indirect  and  induced  requirements  of  an  investment  dollar  by  each  purchas- 
ing sector.  While  direct  household  row  coefficients  represent  patterns 
of  household  incomes  which  are  generated  during  the  production  of  a 
dollar's  output  by  each  purchasing  industrial  sector,  direct  household 
column  coefficients  represent  the  household  consumption  pattern  of  a 
dollars  worth  of  household  income.  A pattern  of  household  earnings 
largely  depends  on  the  intensity  of  labor  requirements  among  various 
inputs  and  their  wage  rate.  Therefore,  it  depends  on  the  production 
function  of  an  industry  and  the  local  wage  rate.  A personal  consumption 
pattern  depends  on  an  income  distribution  pattern  and  the  taste  of  a 
region.  Since  our  I/O  model  contains  four  internal  regions,  household 
income  and  spending  patterns  for  each  of  these  regions  must  be  estimated. 

The  data  of  the  household  earnings  and  spending  patterns  for  the  different 
regions  which  are  involved  in  this  impact  study  is  not  available,  nor  is 
any  survey  practicable.  The  regional  consumption  patterns  of  the  United 
States  have  been  surveyed  by  the  Department  of  Labor  for  the  year  1960-61.^ 


^ Trade  flows  among  51  states  in  the  United  States  based  on  1963  trade 
estimates  were  also  estimated  by  the  same  research  group  after  this 
study  had  been  initiated.  The  new  estimate  is  basically  the  same  data 
in  the  44  region  trade  flows  except  the  region  containing  more  than 
one  state  is  disaggregated  into  separate  state. 

^ In  this  survey,  the  consumers  are  classified  into  32  groups:  rural  and 

urban  populations  by  various  income  classes.  For  further  detailed  in- 
formation see,  U.S.  Bureau  of  Labor  Statistics,  Survey  of  Consumer 
Expenditures,  1960-61.  Washington,  D.C.:  U.S.  Government  Printing 

Office,  1966. 
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This  survey  has  been  conducted  over  four  U.S.  Census  regions.  But  the 
regional  boundaries  for  this  survey  are  different  from  those  which  are 
used  in  our  model.  However,  this  survey  is  utilized  in  estimating  state 
consumption  expenditures  by  industry  sector  in  the  MRIO  by  Polenske 
et  al.^  We  have  found  that  the  aggregation  of  each  state's  consumption 
expenditure  in  the  MRIO  into  IR10  regions  is  the  most  appropriate  data 
in  estimating  the  consumption  patterns  of  IRIO  regions  without  a survey. 

The  division  of  consumption  expenditures  of  the  states  of  Arkansas  and 
Oklahoma  into  substates  due  to  the  division  of  these  states  into  sub- 
states within  and  outside  of  tiie  Impact  Region  are  based  on  the  share 
of  each  state's  personal  income  by  each  substate.  The  estimated  regional 
consumption  patterns  of  IRIO  regions  for  the  80  industrial  sector  in  terms 
of  coefficients  are  shown  in  Table  2.  These  coefficients  show  the  marginal 
propensity  to  consume  by  the  I/O  sector. 

In  estimating  household  row  coefficients  the  share  of  value-added  which 
is  attributable  to  personal  income  by  industry  and  by  region  is  first 
estimated.  The  share  of  value-added  by  each  industry  and  by  the  IRIO 
region  is  available  from  the  I/O  table  of  the  IRIO.  The  share  of 
personal  income  before  tax,  generated  by  industry,  is  estimated  by  summing 
the  proportion  of  value-added  which  is  attributable  to  wages  and  salaries, 
other  types  of  labor  income,  and  incomes  from  property  by  industry.  The 
national  shares  of  these  types  of  income  out  of  value-added  by  industry 
are  available  from  the  unpublished  data  by  the  Department  of  Commerce. 

The  household  income  coefficients  by  industry  and  region,  therefore,  can 
be  estimated  by  multiplying  the  value-added  coefficient  of  each  region 
by  industry  by  the  household  income  share  of  value-added  of  each  national 
industry.  In  order  to  close  the  household  sector  into  the  processing 
matrix  the  sum  of  household  rows  and  columns  must  be  made  equal.  However, 
the  personal  income  is  larger  than  the  consumption  expenditures  due  to 
the  inclusion  of  the  personal  income  tax  and  personal  savings. ^ There- 
fore, the  household  income  coefficients  are  reduced  by  multiplying  the 
ratio  of  the  total  household  spending  to  the  total  household  income  of 
each  region.  The  ratio  of  the  total  household  income  to  the  total  con- 
sumption of  a region  is  the  average  propensity  to  consume  of  each  region. 
The  household  earning  pattern  for  the  consumption  (household  row  coeffi- 
cients) for  each  of  the  80  industrial  sectors  is  also  shown  in  Table  2. 


^ In  this  estimate  the  state  population  is  subdivided  into  rui  1 and  urban 
residence  and  those  are  further  divided  into  16  income  groups.  The  state 
consumer  expenditures  for  these  classifications  are  distributed  among 
each  industrial  sector  based  on  the  consumer  expenditure  patterns  of  the 
same  classification  of  those  census  regions  where  each  state  belongs. 

For  the  detailed  methodology  see  Polenske,  Karen  R.  and  Isabella  B. 

Wliis ton,  State  Estimates  of  Personal  Consumption  Expenditures  1947,  1958, 
1963 . EDA  Report  No.  14  (Harvard  Economic  Research  Project)  August  1968 

^ It  is  implicitly  assumed  that  the  transfer  payment  is  less  than  the  per- 
sonal income  tax  and  savings. 
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Table  2 

Coefficients  of  Household  Column  and  Row 


Region  Reqion 

: n 

■ 

III 

Region  Region 

IV 

■ 

11 

Region 
1 1 : 

Region 

IV 

1 0.005508  0.005188 

0.005010 

0.00463?  0. 21 1664 

0.185/09 

0.134091 

0. 147737 

* 

2 

0.00848? 

0.007677 

0.008051 

0.007608 

0.379077 

0.297/71 

0.261945 

0.334910 

3 

0.001087 

0.001073 

0.001113 

0.001121 

0.333804 

0.225303 

0.111793 

0.2535/4 

4 

0.000025 

0.000020 

0.000026 

0.000043 

0.301954 

0.269015 

0.219659 

0.228539 

5 

0 

0 

0 

0 

0.386920 

0.134531 

0.190465 

0.236915 

6 

0 

0 

0 

0 

0.325837 

0.020175 

0.299020 

0.3108/9 

7 

0.000478 

0.000389 

0.000638 

0.000435 

0.584982 

0.530409 

0.610347 

0.426566 

8 

0 

0 

0 

0 

0.396186 

0.352548 

0.373322 

0.260875 

9 

0.000039 

0.000041 

0.000040 

0.000039 

0.422063 

0.310377 

0.419612 

0.391541 

10 

0.000004 

0.000004 

0.000005 

0. 000005 

0.268827 

0.477599 

0.314888 

0.324011 

11 

0 

0 

0 

0 

0.357858 

0.257510 

0.339855 

0.328338 

12 

0 

0 

0 

0 

0 493931 

0.441986 

0.461193 

0.458652 

13 

0.000423 

0.000459 

0.000455 

0 . 000486 

0.002334 

0.221714 

0.32570 7 

0.320410 

14 

0.130895 

0.127640 

0.132550 

0.133400 

0.160490 

0.158552 

0 164545 

0.176909 

15 

0.014901 

0.014162 

0.013028 

0.013067 

0 

0.135020 

0.196558 

0.152647 

1 

16 

0.002009 

0.001946 

0.001596 

0.001655 

0.218903 

0.188281 

0.197529 

0.208810 

17 

0.002041 

0.002333 

0.0^2773 

0.002724 

0.176034 

0.047224 

0.205040 

0.159408 

• 

18 

0.03574? 

0.036462 

0.036139 

0.036492 

0.349877 

0.313596 

0.326726 

0.322871 

• 

19 

0.004077 

0.004150 

0.003755 

0.003936 

0.157115 

0.220580 

0.246555 

0.201233 

20 

0.001201: 

0.000734 

0.000568 

0.000601 

0.336431 

0.287854 

0.281878 

0.281490 

* . 

21 

0 

0 

0 

0 

0.300597 

0.259494 

0.286126 

0.267494 

22 

0.008490 

0.lJP673 

0.008075 

0. 007999 

0.365180 

0.322422 

0.332519 

0.334211 

23 

0.000376 

0.0C0370 

0 000367 

0.000351 

0.339271 

0.325201 

0.365953 

0.356464 

24 

0.003729 

0.003655 

0.003149 

0.003278 

0.359383 

0.312514 

0.283148 

0.288728 

25 

0.000206 

0.000211 

0.000174 

0.000196 

. 321830 

0.284065 

0.301948 

0.295961 

* 

26 

0.0C7675 

0.007966 

0.008575 

0.008452 

0.455097 

0.413071 

0.410577 

0.394476 

27 

0.001211 

0.001147 

0.001072 

0.001040 

0.170601 

0.317476 

0.300711 

0.300144 

28 

0.C00035 

0.000034 

0.000032 

0.000033 

0.092807 

0.265311 

0.165048 

0.305975 

29 

0.017264 

0.016522 

0.014094 

0.014271 

0.118663 

0.169906 

0.299258 

0.311135 

30 

0.000058 
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Construction  of  Final  Demand  Vectors 

In  order  to  utilize  an  interregional  1/0  model  for  an  impact  study,  a 
final  demand  vector,  which  is  an  exogeneous  variable  to  the  I/O  model, 
must  be  estimated.  The  final  demand  may  be  an  increase  in  investment, 
consumption,  public  expenditures  or  exports.  The  purpose  of  this  study 
is  to  evaluate  the  construction  impact  of  the  McClellan-Kerr  Arkansas 
River  Multiple  Purpose  Project  (MKARMPP).  Therefore,  the  final  demand 
for  this  project  will  be  the  total  construction  expenditures.  And  the 
final  demand  vector  will  be  the  purchase  pattern  of  the  project  construc- 
tion expenditures  from  various  industrial  sectors. 

The  precise  figure  of  the  total  project  cost  for  the  MKARMPP  is  difficult 
to  decide.  The  history  of  water  resource  development  investments  in  the 
Arkansas  River  Basin  had  its  origin  in  the  late  1930's,  and  many  water 
resource  investments  in  this  area  have  contributed  to  this  project. 

The  total  project  cost  for  the  MKARMPP  varies  according  to  different 
references.  In  this  study  the  federal  expenditures  appropriated  during 
FY  1957  to  1971  are  treated  as  the  MKARMPP  costs.  These  expenditures 
were  responsible  for  opening  the  waterway  from  the  junction  of  the 
Arkansas  and  Mississippi  Rivers  to  the  Tulsa  area  in  Oklahoma  and  are 
estimated  in  the  Washington  University  study. ® The  total  expenditures 
through  FY  1957-1971  by  types  of  project  are  estimated  at  approximately 
1.2  billion  current  dollars  and  are  shown  in  Table  3. 


Procedures  in  Estimating  Final  Demand  Vectors  for  a Project  Contract  Cost 

The  following  procedures  are  followed  to  estimate  the  final  demand  vectors 
for  the  proposed  interregional  I/O  model  (IRIO)  and  in  evaluating  the 
construction  impact  of  the  MKARMPP  on  local  and  national  economies: 

Step  1:  Estimation  of  Construction  Costs  in  1963  Dollars 

Since  the  IRIO  is  based  on  1963  data,  it  is  preferable  to  express  the 
final  demand  for  this  model  in  terms  of  1963  prices.  The  estimated  total 
project  cost  in  1963  prices  is  approximately  1.1  billion  dollars,  and  the 
detail  distribution  of  the  cost  by  project  type  and  year  is  shown  in 
parentheses  in  Table  3. 


^ Institute  for  Water  Resources,  U.S.  Army  Corps  of  Engineers.  A River, 
A Region,  and  A Research  Problem,  IWR  Report  71-6,  by  Charles  L.  Leven 
and  R.  B.  Read,  Washington  University,  July  1971,  Part  II,  pp.  18-40. 

® Ibid . , Appendix  C. 


Total  project  cost  Includes  construction  contract  costs  which  are  executed 
through  private  contract  and  non-contract  costs  which  were  expended  directly 
by  the  Army  District  Corps  of  Engineers.  Non-contract  costs  include 
expenditures  such  as  compensation  for  land  and  damages;  engineering  and 
design;  and  supervision  and  administration  of  the  projects.  The  proportion 
of  contract  and  non-contract  costs  by  type  of  project,  are  shown  in  Table 
4.  The  contract  cost  of  the  whole  MKARMPP  occupy  approximately  80  percent 
of  the  total  project  cost,  which  is  equivalent  to  $873,298,000  in  1963 
prices . 

Step  2:  Distribution  of  Project  Costs  by  Sectoral  Demand 

In  order  to  use  the  I/O  model  with  83  industrial  sectors,  the  investment 
expenditures  must  be  distributed  by  83  sectors.  The  actual  distribution 
of  project  expenditures  by  industrial  sectors  is  a major  task,  which 
requires  records  of  all  expenditures  spent  for  purchasing  goods  and  ser- 
vices for  the  construction  of  the  project  by  the  Army  Corps  of  Engineers 
and  private  contractors.  However,  a study  of  distribution  patterns  of 
contract  costs  for  12  different  types  of  water  resource  projects  by  83 
industrial  sectors  is  available  from  the  unpublished  study  by  The  Resource 
For  The  Future,  Inc.  This  study  is  an  extension  of  Bulletin  No,  1390,  by 
the  Bureau  of  Labor  Statistics.  In  this  Bulletin,  the  BLS  made  available 
sample  surveys  of  45  water  resource  investment  projects^  by  the  Army  Corps 
of  Engineers  in  order  to  generalize  labor  and  material  requirement  patterns. 
In  this  study  Haveman  and  Krutilla  added  an  investigation  of  three  more 
projects  and  have  developed  a detailed  purchase  pattern  of  equipment  and 
supplies  by  major  industrial  sectors;  purchase  patterns  of  on-site  labor^® 
by  major  occupations;  and  unallocated  costs  per  $1,000  contract  costs  for 
12  different  project  categories . H The  classification  of  project  types 
and  sample  projects,  which  were  surveyed  under  each  project  category,  are 
shown  in  Appendix  B.  The  purchase  patterns  developed  by  Haveman  and 
Krutilla  were  based  on  1958  prices.  To  convert  1958  purchase  patterns 
into  those  of  1963,  sectoral  GNP  deflators  were  used.12  The  estimated 


Q 

The  45  water  resource  projects  involve  235  major  civil  works  contracts. 

On-site  labor  is  defined  as  the  demand  for  labor  for  the  project  con- 
struction at  the  site  of  the  project.  This  is  the  major  portion  of 
wage  and  salaries  paid  out  from  project  expenditures. 

^ Robert  H.  Haveman  and  John  V.  Krutilla.  Unemployment,  Idle  Capacity, 
and  the  Evaluation  of  Public  Expenditures:  National  & Regional  Analysis. 
Baltimore:  The  Johns  Hopkins  Press,  1968,  Table  6,  pp.  20-21.  Distribu- 
tion of  equipment  and  supply  requirements  by  1958  1/0  sectors  are  also 
available  from  unpublished  data. 

12  For  the  deflation  of  project  costs  and  sectoral  demands,  unpublished 

GNP  and  sectoral  deflators  from  the  Bureau  of  Economic  Analysis,  Depart- 
ment of  Commerce,  were  used. 
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Non-contract  cost  includes  direct  expenditures  by  District  Engineers  for  land  and  damage j 
engineering  and  design;  and  supervision  and  administration  of  the  project  construction. 
Whereas,  contract  costs  are  spent  by  private  contractors.  The  proportion  of  land  and  damage; 
engineering  and  design;  and  supervision  and  administration  costs  to  the  McCl el 1 an-Ke r r 
Multiple  Purpose  Brpject  is  8.64%;  5.7%;  and  5.12%  respectively. 


1963  purchase  patterns  per  $1>000  contract  costs  for  water  resource 
investments,  by  project  type  and  industrial  sectors,  are  shown  in  Table 
5.  The  sum  of  sectors  1 to  82  shows  total  material  requirements.  Sector 
83  represents  on-site  demand  for  labor  and  unallocated  costs  and  assumed 
to  be  the  household  income  of  a project  region.  The  magnitude  of  house- 
hold income  indicates  the  intensity  of  direct  labor  requirements  of  a 
project.  According  to  Table  5 demands  for  direct  labor  range  from  19 
percent  (power  house)  to  59  percent  (levees)  of  the  total  construction 
cost.  The  sum  of  total  material  requirements  and  household  income  is 
$1,000.  As  Table  4 indicates,  the  MKARMPP  is  composed  of  several  types 
of  projects:  multiple  purpose,  flood  control,  revetment,  and  the  locks 

and  dams  projects.  The  demand  pattern  for  equipment  and  materials  by 
each  project  type  multiplied  by  its  total  project  contract  costs  becomes 
the  final  demand  vector  for  the  particular  water  resource  construction 
project.  The  total  final  demand  vectors  resulting  from  the  contract 
construction  costs  of  the  MKARMPP  are  shown  in  Table  6. 

A final  demand  generated  by  a project  is  not  necessarily  produced  in  a 
project  region.  Some  of  the  project  demand  may  be  produced  in  non-project 
regions,  where  relative  comparative  advantages  in  supplying  certain  goods 
and  services  are  superior  to  those  of  a project  region.  The  demand  for 
the  goods  and  services  which  have  characteristics,  such  as  automobile 
repair  services,  may  be  satisfied  entirely  within  a project  region;  whereas 
demand  for  automobiles  will  be  supplied  from  the  automobile  manufacturing 
regions.  In  this  study,  final  demands  resulting  from  a project  without 
considering  origins  of  supplies  are  defined  as  "total  final  demand"  or 
"national  final  demand."  Actual  demands  imposed  on  each  region  for  their 
production  are  defined  as  "regional  final  demands."  In  an  interregional 
I/O  analysis,  regional  final  demands  are  the  keys  in  measuring  economic 
j:  impacts  of  a project  on  various  regions. 

i' 

Step  3:  Estimation  of  Regional  Final  Demands 

The  regional  distribution  of  a total  final  demand  for  a particular  project 

may  depend  upon:  (1)  the  size  and  type  of  a project,  and  (2)  the  project 

location  and  the  trade  pattern  of  the  project  region  with  other  regions 
f for  each  commodity.  The  project  type  will  dictate  the  product  mix  pattern 

of  a total  final  demand,  and  the  project  region  and  its  trade  pattern  with 
other  regions  will  dictate  the  origins  of  goods  and  services  to  satisfy  a 
total  final  demand  required  in  a project  region.  The  product  mix  pattern 
of  a total  final  demand  by  project  type  is  already  estimated  in  Step  2. 

The  trade  patterns  of  a region  for  each  of  79  goods  and  service  sectors 

* were  already  estimated  in  the  basic  1/0  model  (IRIO)^  and  are  expressed 

in  terms  of  T matrices. 
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See  Appendix  A of  this  report. 
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Table  6 

National  Final  Demand  Vectors  for  the  McLellar.  -Per  r Arkema  a 
Kivoi  Multiple  Purpose  Project  'ontmi  ■ *>t 
(Unit  SI, 000  l‘»6  3 Prices) 


Multiple 
l /0  Secto r Purpose 


!•  r o j e c t Category 


59.42 
2801 . 7 6 
2.53 
13.10 
36°. 93 
1 546  ?. 79 
412  9.4."' 


22843. 31 
1 244  ■ . 1 

1287.9* 


40596.13 
2 286  0. 33 
531.08 


65122.22 
1 • I 

2010.44 


2734  . 72 
57.91 
2385.85 
13121.86 
00 

17555. 19 
95  7. 92 
961 . 87 
55.42 
839.17 
00 

316.67 
161.  ' 
15689. 75 


14706.19 
779. 04 
00 

1084 . 45 
24193. 21 
3308. 73 
1571 . 60 


1833. 71 
95.98 
195741.22 
396048 . 99 


11.89 

11.69 

2.86 

00 

00 

1.10 

508.59 

00 

0.25 

3.87 

00 

2.22 

912. 76 
49. 50 

00 

68 .84 
2042 . 06 
210.02 
99. 76 

00 

00 

00 

124.77 
00 

30.36 

00 

6.78 

00 

116. 39 
6. 09 
12748. 76 
2 5257,00 


19063. 12 
205.04 


482.13 
25.24 
27520.42 
10664  3.00 


150  38 . 0 * 
865.06 
1884 .04 


20311 .97 
690. 70 
00 

389 .01 
34524 . 27 
2930. 52 
1 391 . «6 


1624.11 
85.01 
98747.02 
350340. 00 


45165.9° 
°25. 20 
54S7.-U 
148°/ . *8 
17.53 
58875 . 8 3 
11412.41 
1 030. 00 

197.41 
4281 . 36 
4087.84 
590 . 12 
961 . 87 
17560.03 
11.09 
3976. 31 
294.9. 


1827.43 
69294.12 
7319.23 
3476. 54 


4056. 35 
212.31 
334757. 43 
8782«°. 00 


Footnote : 

* Sector  84  ts  the  sun  of  sectors  1-83  and  equivalent  to  the 
total  contract  cost  for  each  type  project.  The  estimated 
contract  cost  for  th«  multiple  purpose  rroiect,  796049.99 
is  the  roundinq  error  of  39604°. 
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(nm-nm) 
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and  P 
(m-m) 


V r , 


''C 


where : 

n = 1. . .4  region, 

g & r indicate  shipping  and  receiving  region  respectively 
ra  = 1...79  industry 

T®r  indicates  a matrix  of  percentages  of  various  commodities  received  by 
r region  from  g region  (fixed  column  coefficients).  t|r  indicates  the 
proportion  of  the  total  receipts  of  the  first  industry  product  by  region 
r from  region  g,  where:  4 

Z tRr  = 1 
g=l 

By  reading  along  the  first  colmn  of  the  T matrix  one  can  tell  each 
proportion  of  total  receipts  for  each  commodity  by  the  first  region  from 
various  regions  including  its  own  region.  The  receiving  region  r indicates 
a project  region,  and  T®r  differs  when  r changes.  The  matrix  of  trade 
coefficients  for  each  commodity  for  the  alternative  impact  region,  are 
shown  in  Volume  II . 

Regional  final  demand  vectors  per  $1,000  for  each  project  type  are  esti- 
mated by  multiplying  the  distribution  pattern  of  each  project  contract 
cost  by  the  trade  coefficient  matrix  of  an  impact  region  with  other 
regions.  A matrix  of  regional  final  demand  vectors  for  i1"*1  project  (YR) 
may  be  expressed  in  terms  of  YR  = Y.TR,  where  Y.  and  TR  indicate  the  total 
final  demand  pattern  of  i*"^1  project1and  the  trade  pattern  of  the  impact 
region  R with  other  regions  including  his  own  for  each  industrial  product. 
The  regional  demand  vector  of  each  region  for  the  MKARMPP  may  be  expressed 
in  terms  of  a matrix  of  regional  final  demand  vectors  as  YR  = YT.  The 
regional  final  demand  vectors  of  the  1KARMPP  are  shown  in  Table  7. 

Of  the  total  contract  cost  about  67  percent  of  its  cost  was  spent  within 
the  project  region.  Of  these  30  percent  was  for  material  and  supplies 
and  37  percent  was  the  wage  and  salaries  for  the  on-site  construction 
workers.  The  leakages  to  non-project  regions  was  about  33  percent  of  the 
contract  cost.  Of  this,  15  percent  each  went  to  the  Southern  Region  and 
the  rest  of  the  United  States,  and  three  percent  to  the  Northern  Region. 


Regional  Final  Demand  Vectors  for  the  MiClel lan-Kerr  Arkansas 
River  Multiple  Purpose  Project  Contract  Cost* 

(Unit  $1 ,000  1963  Prices) 
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I 


ft 


X 


i 

", 

* 


National 

Demand 

Regional  Final 

Demands 

I/O 

Conti  ac  t 

Se  jToii 

E 

K2  jToi 

Region 

Sec  tor 

Cost 

I_ 

11 

m 

IV 

1 

00** 

00 

00 

00 

00 

2 

311.83 

89.93 

73.50 

22.05 

126.32 

3 

00 

00 

00 

00 

00 

4 

00 

00 

00 

00 

00 

5 

00 

00 

00 

00 

00 

6 

00 

00 

00 

00 

00 

7 

00 

00 

00 

00 

00 

8 

00 

00 

00 

00 

00 

9 

78708.30 

41943.65 

28366.47 

6391.11 

1999.19 

10 

00 

00 

00 

00 

00 

11 

00 

00 

00 

00 

00 

12 

00 

00 

00 

00 

no 

13 

00 

00 

00 

00 

00 

14 

00 

00 

00 

00 

00 

15 

00 

00 

00 

00 

00 

16 

00 

00 

00 

00 

00 

17 

60.93 

2.16 

29.50 

1.38 

27.89 

18 

00 

00 

00 

00 

00 

19 

11.66 

.51 

1.48 

.65 

9.02 

20 

8531.37 

3107.98 

3991.83 

1.71 

1429.86 

21 

00 

00 

00 

00 

00 

22 

00 

00 

00 

00 

00 

23 

181.33 

12.73 

34.34 

10.25 

123.96 

24 

287.93 

19.32 

77.25 

35.50 

155.83 

25 

00 

00 

00 

00 

00 

26 

59.42 

24.20 

16.37 

.65 

18.20 

27 

2881.76 

282.70 

1816.09 

84.72 

698.25 

28 

2.53 

.12 

1.31 

.01 

1.09 

29 

13.10 

.28 

1.03 

3.71 

7.98 

30 

369.83 

14.90 

51.63 

40.24 

263.10 

31 

15463.79 

7770.55 

6933.96 

332.47 

426.80 

32 

4128.42 

208.07 

925.18 

382.29 

2612.88 

33 

00 

00 

00 

00 

00 

34 

3.78 

.27 

.55 

.55 

2.41 

35 

00 

00 

00 

00 

00 

36 

65122.22 

18592.39 

28438.87 

6655.49 

11435.46 

37 

35607.49 

2004.70 

4458.06 

2602.90 

26541.81 

38 

2010.44 

394.65 

232.00 

19.50 

1 364 . 28 

39 

00 

00 

00 

00 

00 

40 

45165.99 

20866.69 

13996.94 

3035.15 

7271.72 

4) 

925.20 

55.23 

186.61 

86.32 

597.12 

42 

5457.41 

971.42 

1796.58 

212.84 

2476.57 

43 

14804.68 

2350.98 

635.12 

34.05 

11786.01 

44 

17.53 

.53 

3.11 

.23 

13.67 

45 

58875.83 

8584.10 

23850.60 

947.90 

25493.23 

46 

11412.41 

269.33 

4609.47 

78.75 

6454.86 

47 

1030.00 

66.64 

17.61 

5.05 

940.60 

48 

197.41 

7.78 

38.53 

1.05 

150.05 

49 

4281.36 

1092.17 

515.48 

71.07 

2602.64 

50 

4087.84 

173.32 

405.10 

42.10 

3467.30 

51 

590.12 

113.95 

66.45 

2.54 

407.12 

52 

961.87 

549.23 

199.30 

6.44 

206.99 

53 

17560.83 

1754.33 

1295.99 

921.94 

13588.57 

54 

11.89 

3.66 

.14 

.17 

7.92 

55 

3976.31 

452.11 

750.33 

208.36 

2565.52 

56 

294.92 

82.49 

55.56 

7.11 

149.73 

57 

00 

00 

00 

00 

00 

58 

1.10 

.07 

.20 

.08 

.75 

59 

6404.96 

101.84 

1331.59 

2986.63 

1984.90 

60 

00 

00 

00 

00 

00 

61 

5461.83 

624.29 

1289.54 

758.10 

2789.90 

62 

702.16 

301.44 

132.92 

1.47 

266.33 

63 

00 

00 

00 

00 

00 

64 

6.10 

.93 

1.27 

00 

3.91 

65 

54994.04 

54994.04 

00 

00 

00 

66 

1725.08 

1725.08 

00 

00 

00 

67 

00 

00 

00 

00 

00 

68 

1827.43 

1827.43 

00 

00 

00 

69 

68294.12 

68294.12 

00 

00 

00 

70 

7319.23 

3664.74 

2854.50 

14.64 

785.35 

71 

3476.54 

3476.54 

00 

00 

00 

72 

00 

00 

00 

00 

00 

73 

00 

00 

00 

00 

00 

74 

00 

00 

00 

00 

00 

75 

4348.29 

4348.29 

00 

00 

00 

76 

00 

00 

00 

00 

00 

77 

1057.93 

1057.93 

00 

00 

00 

78 

00 

00 

00 

00 

00 

79 

236.37 

236.37 

00 

00 

00 

80 

00 

00 

00 

00 

00 

81 

4056.35 

4056.35 

00 

00 

00 

82 

212.31 

212.31 

00 

00 

00 

83 

334757.43 

334757.43 

00 

00 

00 

84*** 

878289.00 

(100%) 

591542.27 

(67.35%) 

129482.36 

(14.74%) 

26007.17 

(2.96%) 

131255.09 
( 14 . 94,) 

* Project  Contract  Cost  is  defined  as  the  part  of  project  cost  expended 
through  a private  contract. 


i 


"0"  means  insignificant. 
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Final  Demand  Vector  for  the  Total  MKARMPP  Cost 

In  the  previous  section  the  final  demand  vector  resulting  from  the  MKARMPP 
is  limited  to  the  portion  of  contract  construction  cost,  which  is  approxi- 
mately 80  percent  of  the  total  project  cost.  As  has  already  been  explained, 
the  remaining  20  percent  of  the  project  cost  is  non-contract  cost,  which 
consists  of  expenditures  for  land  and  damage  expenses;  engineering  and 
design;  and  supervision  and  administration.^  Although  non-contract  costs 
are  not  direct  contract  costs  by  private  contractors,  these  expenditures 
are  part  of  the  total  construction  cost.  To  measure  the  total  construc- 
tion impact,  therefore,  the  impact  resulting  from  a non-contract  cost  must 
be  included  in  addition  to  the  impact  resulting  from  a contract  construc- 
tion cost.  For  this  reason  final  demand  vectors  for  the  total  project 
expenditures  are  estimated. 

Except  for  the  compensation  of  land  and  damages,  the  non-contract  costs 
of  MKARMPP  are  primarily  for  the  wages  and  salaries  paid  out  by  the 
District  Engineers  in  the  impact  region.  Although  compensation  for  land 
and  damages  are  not  wages  and  salaries,  these  expenditures  are  also  to 
be  part  of  the  household  incomes  of  the  project  region. 15  So,  in  this 
study  total  non-contract  costs  for  each  project  type  of  MKARMPP  are 
treated  as  part  of  the  household  income  of  the  project  region. 

The  proportion  of  contract  and  non-contract  costs  and  the  distribution 
pattern  of  contract  cost  for  each  project  are  already  known.  Therefore, 
the  total  final  demand  vector,  per  $1,000  project  cost,  can  be  estimated 
by  utilizing  the  basic  distribution  pattern  of  the  project  contract  cost. 

The  proportion  of  a contract  cost  to  it's  project  cost  multiplied  by  the 
distribution  pattern  per  $1,000  of  that  contract  cost  becomes  the  distri- 
bution pattern  of  contract  cost  per  $1,000  of  the  project  cost.  By 
adding  the  proportion  of  non-contract  cost  to  the  83rd  sector  (household 
income)  of  the  distribution  pattern  of  the  contract  cost  per  $1,000  project 
cost,  one  can  estimate  the  final  demand  vector  per  $1,000  project  cost. 

Total  final  demand  vectors  by  project  type  of  the  MKARMPP  are  shown  in 
Table  8,  and  the  regional  final  demand  vectors  are  shown  in  Table  9. 

Due  to  the  increase  in  the  household  income  of  the  project  region  by  adding 
non-contract  cost  to  household  sector,  about  74  percent  of  the  total  project 
cost  was  estimated  to  be  spent  in  the  project  region.  Although  the  absolute 
leakages  from  the  project  region  remained  the  same  but  the  proportion  of  the 
leakages  to  the  project  cost  was  reduced  from  33  percent  which  was  based  on 
contract  cost,  to  26  percent  of  the  total  project  cost. 

^ The  proportion  of  each  component  of  non-contract  cost  varies  from  project 
to  project.  For  the  MKARMPP  as  a whole  the  proportion  of  each  component 
of  non-contract  cost  to  total  project  cost  are:  8.6%  for  land  and  damage, 

5.7%  for  engineering  and  design,  and  5.1%  for  supervision  and  administration. 

Some  of  the  compensation  for  land  and  damage  may  be  paid  out  to  the  pro- 
perty owners  who  are  residing  outside  of  an  impact  region.  Some  of  the 
costs  may  be  part  of  the  taxes  to  the  government.  These  facts  are  ignored 
in  this  study  due  to  the  lack  of  pertinent  information.  Therefore,  the 
impact  resulting  from  the  household  income  may  be  overstated  to  a certain 
degree . 
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ft 


59.42 
2991 . 89 
2.51 
13.10 
369.83 
16464 . 06 
4128. 56 


22844 . 52 
12449.67 
1288.03 


40596 . 16 
22860. 36 
531.88 


65123. 50 
35608 . 17 
2010. 51 


27342. 18 
57.91 
2385.97 
13122. 56 
00 

17556.1  3 
957.97 
961.93 
55.42 
839.21 
00 

316. 68 
961.93 
15690. 58 


16038.10 
865.08 
18«4 . 04 
1682.82 
17.53 
38235. 02 
10454 . 50 
63.11 
140.23 
3365.64 
4087.84 
273.46 


45167. 51 
025.20 
5457. 54 
14805.38 
17.53 
58876.81 
11412.47 
1030.06 
197.41 
4281 .41 
4087.84 
590. 14 
961 .93 
17561 .67 
11.89 
3076. 31 
2°4 . 94 


14706.98 

779.88 

00 

1084.50 
24194 . 50 
3308.90 
1571.69 


19063. 1 3 
205.04 


20311.08 

690.70 

00 

389 .02 
34524. 29 
2930. 52 
1391.96 


6.10 
54994 .86 
1725.12 
00 

1827.49 

68295.47 

7319.41 

3476.63 


1833.81 
95 . 98 
320963. 57 

521282.00 


116.40 
6.09 
31974 . 54 
44483.00 


482.  14 
25.24 
44996. 39 

124119. 00 


1624.11 
85. 01 
153330.84 

404924.00 


4056. 45 
212.32 
551265. 34 

1094808.00 


Footnote : 

• Sector  84  is  the  sum  of  sectors  1-83  and  equivalent  to 
the  total  project  cost  for  each  type  project. 
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TABLE  9 

Regional  Final  Demand  Vectors  for  the  McClel lan-Kerr 
Arkansas  River  Multiple  Purpose  Project  Cost 
(Unit  SI. 000  1963  Prices) 


I/O 

Sector 

National 

Final 

Demand 

Project 

Cost 

Region 

i 

Regional  Fina 
Region 
11 

Denand^ 
Reg i on 
III 

Region 

IV 

1 

00* 

00 

00 

00 

00 

2 

311.83 

89.93 

73.50 

22.05 

126.32 

3 

00 

00 

00 

00 

00 

4 

00 

00 

00 

00 

00 

5 

00 

00 

00 

00 

00 

6 

00 

00 

00 

00 

00 

F-  - 

7 

00 

00 

00 

00 

00 

8 

00 

00 

00 

00 

00 

9 

78709.30 

41944.19 

28366.83 

6391.20 

1999.22 

10 

00 

00 

00 

00 

00 

11 

00 

00 

00 

00 

00 

12 

00 

00 

00 

00 

00 

13 

00 

00 

00 

00 

00 

14 

00 

00 

00 

00 

00 

15 

00 

00 

00 

00 

00 

16 

00 

00 

00 

00 

00 

17 

60.93 

2.16 

29.50 

1.38 

27.89 

18 

00 

00 

00 

00 

00 

19 

11.66 

.51 

1.48 

.65 

9.02 

20 

8531.50 

3108.03 

3991.89 

1.71 

1429.88 

£ * 

21 

00 

00 

00 

00 

00 

22 

00 

00 

00 

00 

00 

23 

181.34 

12.74 

34.34 

10.25 

123.96 

24 

287.95 

19.32 

77.26 

35.50 

155.84 

25 

00 

00 

00 

00 

00 

r v 

26 

59.42 

24.20 

16.37 

.65 

18.20 

27 

2881.89 

282.71 

1816.17 

84.73 

698.28 

28 

2.53 

.12 

1.31 

.01 

1.09 

29 

13.10 

.28 

1.03 

3.71 

7.98 

30 

369.83 

14.90 

51.63 

40.24 

263.10 

31 

15464.06 

7770.69 

6934.08 

332.48 

426.81 

32 

4128.56 

208.08 

925.21 

382.30 

2612.97 

33 

00 

00 

00 

00 

00 

34 

3.78 

.27 

.55 

.55 

2.41 

35 

00 

00 

OC 

00 

00 

36 

65123.50 

18592.76 

28439.43 

6655.62 

11435.69 

37 

35608.17 

2004 . 74 

4458.14 

2602.96 

26542.33 

38 

2010.51 

394.66 

232.01 

19.50 

1364.33 

39 

00 

00 

00 

CO 

00 

| * 

40 

45167.51 

20867.39 

13997.41 

3035.26 

7271.97 

41 

925.20 

55.23 

186.61 

86.32 

597.12 

42 

5457.54 

971.44 

1796.62 

212.84 

2476.63 

t 

43 

14805.38 

2351.09 

635.15 

34.05 

11786.56 

44 

17.53 

.53 

3.11 

.23 

13.67 

45 

58876.81 

8584 . 24 

23851.00 

947.92 

25493.66 

| . j) 

46 

11412.47 

269.33 

4609.50 

78.75 

6454.89 

Li 

47 

1030.06 

66.64 

17.61 

5.05 

940.65 

i 

48 

197.41 

7.78 

38.53 

1.05 

150.05 

r 

49 

4281.41 

1092.19 

515.48 

71.07 

2602.67 

50 

4087.84 

173.32 

405.10 

42.10 

3467.30 

51 

590.14 

113.96 

66.45 

2.54 

407. 14 

52 

961.93 

549.26 

199.31 

6.44 

207.00 

53 

17561.67 

1754.41 

1296.05 

921.99 

1 3589 . 22 

54 

11.89 

3.66 

.14 

.17 

7.92 

55 

j976. 31 

452.11 

750.33 

208.36 

2565.5? 

| 

56 

294.94 

82.49 

55.57 

7.11 

149.74 

57 

00 

00 

00 

00 

00 

58 

1.10 

.07 

.20 

.08 

.75 

59 

6405.05 

101.84 

1331.60 

2986.67 

1984.92 

r i 

60 

00 

1 00 

00 

00 

00 

61 

5461.86 

624.29 

1289.55 

758.11 

2789.92 

62 

702.19 

301.45 

132.92 

1 .47 

266.34 

63 

00 

00 

00 

00 

00 

E 

64 

6.10 

.93 

1.27 

00 

3.91 

I 

65 

54994.86 

54994.86 

00 

00 

00 

66 

1725.12 

1725.12 

00 

00 

00 

! 1 

67 

00 

00 

00 

00 

00 

68 

1827.49 

1827.49 

00 

00 

00 

69 

68295.47 

68295.47 

00 

00 

00 

70 

7319.41 

3664.83 

2854.57 

14  64 

785.37 

71 

3476.63 

3476.63 

00 

00 

00 

72 

00 

00 

00 

00 

00 

73 

00 

00 

00 

00 

00 

74 

00 

00 

00 

00 

00 

l f 

75 

4348.40 

4348.40 

00 

00 

00 

l *'* 

76 

00 

00 

00 

00 

00 

77 

1057.96 

1057.96 

00 

00 

00 

78 

00 

00 

00 

00 

00 

79 

236.37 

236.37 

00 

00 

00 

80 

00 

00 

00 

00 

00 

: v; 

81 

4056.45 

4056.45 

00 

00 

00 

82 

212.32 

212.32 

00 

00 

00 

83 

551265.34 

551265.34 

00 

00 

00 

K .j 

84** 

1094808.00 

808055.18 

129484.81 

26007.71 

131258.24 

(1001) 

(73.811) 

(11.831) 

(2.38X) 

(11.99t) 

* 

"0"  means  insignificant 

i * 

♦* 

Sum  of  sector 

-83  which  is 

the  project  cost. 

i 

o 

regional  Final 

demands  may  not  equal  the  national  final  demand  due  to  rounding  errors . 
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Chapter  IV 
Impact  Evaluation 


Final  demand  vectors  estimated  from  the  MKARMPP  in  the  previous  chapter 
have  been  applied  to  the  IRIO  in  measuring  the  economic  impact  of  the 
project  on  the  regional  and  national  economies.  Prior  to  the  evaluation 
of  economic  expansion,  given  the  final  demand  vectors,  various  multipliers 
are  evaluated  first.  Following  the  evaluation  of  the  multipliers  the 
economic  impact  of  the  project,  in  terms  of  per  $1,000  MKARMPP  cost,  is 
evaluated.  The  sensitivity  of  the  impacts  of  various  hypothetical  types 
of  water  resources  investments  in  different  regions  is  also  investigated. 
The  evaluation  of  the  economic  interdependencies  through  80  industrial 
sectors,  with  4 internal  regions,  requires  the  operation  of  a 320  X 320 
matrix  size  and  is  very  expensive  in  evaluating  various  multipliers  and 
sensitivity  analysis.  The  large  matrix  is  convenient  for  the  evaluation 
of  detailed  structural  relationships  at  the  disaggregated  industrial  level, 
but  a disaggregated  industrial  sector  model  is  more  useful  in  evaluating 
the  general  characteristics  of  structural  relationships.  For  these  rea- 
sons we  have  used  a 10  industrial  sector  I/O  model  (11  sectors  for  the 
closed  model) I for  the  most  part  of  the  impact  evaluation.  An  80  sector 
model  is  used  only  for  the  evaluation  of  the  economic  impact  on  the  level 
of  output  and  income  resulting  from  the  MKARMPP. 


Analysis  of  Multipliers 


I 


Input-Output  Multipliers  are  probably  the  most  important  tool  used  in  local 
and  regional  economic  impact  analysis.  The  Keynesian  income  multiplier 
developed  in  macroeconomic  theory  contributes  in  measuring  the  expansionary 
impact  of  change  in  investments  (or  government  expenditures  or  exports)  on 
national  or  local  economy  on  an  aggregated  basis.  In  the  Keynesian  model 
the  pattern  of  expenditure  and  the  discriminatory  impacts  of  these  expendi- 
tures on  different  sectors  of  industry  and  interindustrial  and  interregional 
interdependencies  are  not  important.  An  Input-Output  model,  on  the  other 
hand,  enables  us  to  study  interindustry  and  interregional  dependencies  as 
well  as  to  derive  sector  multipliers  for  output,  income  and  employment  at 
the  desired  disaggregated  industrial  level. ^ Since  the  impact  of  any 


ft 


I Because  of  the  evaluation  of  Type  I & II  multipliers  both  open  and  closed 
I/O  models  with  aggregated  industrial  sectors  are  used.  For  the  conven- 
ience of  designation,  the  aggregated  I/O  model  for  industrial  sectors  is 
defined  as  a 10  sector  model  regardless  of  whether  it's  an  open  or  closed 
model.  The  I/O  model  with  79  industrial  sectors,  is  defined  as  an  80 
sector  model.  For  the  sector  classification  see  Table  1,  Chapter  2. 

^ This,  of  course,  depends  on  availability  of  input-output  data  for  the 
desired  disaggregated  industrial  level.  The  greater  detailed  informa- 
tion from  the  I/O  model,  of  course,  requires  more  time  and  cost. 
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change  in  investment,  the  overall  investment  impact  depends  upon  sector 
multipliers,  the  size  and  the  pattern  of  investment  mix. 

The  basic  data  sources  for  various  multipliers  are  (1)  regional  technical 
coefficients  (A),  (2)  interregional  trade  coefficients  (T)  , (3)  interregional 
direct  requirements  (TA)  , (A)  interregional  direct  and  indirect  requirements 
(I-TA)-^  and  (5)  interregional  direct,  indirect,  and  induced  requirements 
(I-Th-V1.  While  technical  coefficients  provide  the  information  of  direct 
input  requirements  from  various  supplying  industries  in  order  to  produce 
one  dollar's  worth  of  output  by  a purchasing  industry  disregarding  their 
regional  origin,  interregional  direct  requirements  provide  the  regional 
origin  of  these  inputs.  One  can  find  direct  and  indirect  requirements 
from  various  supplying  industries  in  various  regions  to  yield  a dollar's 
worth  of  output  to  final  users  by  a purchasing  industry  in  a region.  This 
information  is  obtained  from  a table  derived  by  inverting  the  matrix  (I-TA) . 
The  direct,  indirect,  and  induced  requirements  are  obtained  by  inverting 
the  matrix  (I-TjjA„)  , where  TyA_j  includes  the  household  sector  in  the  TA 
matrix.  Except  the  interregional  direct  and  indirect  requirements  for 
the  80  sector  model,  all  data  listed  in  the  above  for  both  the  10  and  80 
sector  models  are  collected  in  Volume  II.  These  requirements,  themselves, 
constitute  various  multipliers . ^ In  this  study  the  output  and  income 
multipliers  for  both  Type  I and  Type  II  for  10  sector  models  will  be 
evaluated . 


Output  Multipliers 

The  output  multiplier  for  the  ic^  industry  measures  the  total  requirements 
from  all  sectors  needed  to  deliver  one  additional  dollar  of  output  i to  the 
final  users.  Type  I multiplier  measures  the  sum  of  direct  and  indirect 
requirements;  on  the  other  hand.  Type  II  multiplier  measures  direct, 
indirect,  and  induced  requirements.  The  Type  I multiplier  is  derived  by 
summing  the  column  entries  of  the  (I-TA)~1  matrix  under  ifch  industry,  and 
the  Type  II  multiplier  is  derived  by  summing  the  same  column  entries  of 
the  (I-TjiAfj)-^  matrix.  Since  output  includes  both  industrial  and  final 
demand,  the  output  multiplier  indicates  linkage  effects  of  each  industry. 
The  higher  the  multiplier  the  higher  the  industry's  linkage  with  other 
industries.  The  output  multiplier  in  this  study  is  a joint  product  of 
(a)  production  function  of  an  industry  in  a particular  region;  (b)  linkage 
effect  of  an  industry;  and  (c)  trade  relation  of  an  industry  with  other 
regions.  The  output  multipliers  evaluated  for  the  IRIO  model  are  shown 
in  Table  10. 


^ For  a more  detailed  discussion  of  various  types  of  multipliers,  see 

Harry  W.  Richardson,  Input-Output  and  Regional  Economics,  London:  Weiden- 
feld  and  Nicolson,  1972,  pp.  29-52. 
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TABLE  10 


OUTPUT  MULTIPLIERS 


Indus try /Region 

Region  I 

Region  II 

Region  III 

Region  IV 

1. 

Agri. , For.  & Fish. 

2.19902 

5.78306 

2.02980 

5.14996 

2.37113 

5.77354 

2.12281 

5.46875 

2. 

Mining 

1.63057 

5.23693 

1.57140 

4.51719 

1.59091 

4.99726 

1.59654 

4.66353 

3. 

Construction 

2.02453 

6.44788 

2.14464 

5.99102 

2.00639 

6.27432 

2.02987 

6.20891 

4. 

Nondur.  Mfg. 

2.25639 

5.59966 

2.11513 

5.02116 

2.27766 

5.83330 

2.16246 

5.65134 

5. 

Dur.  Mfg. 

1.98911 

6.09052 

1.95374 

5.48312 

2.10878 

6.05943 

1.98400 

5.78564 

6. 

Trans.,  Comm.  & Util. 

1.54337 

5.26393 

1.54079 

4.62095 

1.53776 

5.09742 

1.51712 

4.83282 

7. 

Trade 

1.35870 

5.41506 

1.36581 

4.81465 

1.36892 

5.17702 

1.36295 

5.08862 

8. 

Fin. , Ins . & R. E . 

1.38815 

3.76161 

1.40782 

3.43887 

1.38748 

3.65399 

1.40161 

3.67680 

9. 

Services 

1.53605 

5.43256 

1.52383 

4.93757 

1.50295 

5.21719 

1.50103 

5.15657 

10. 

Govt.  Enterprises 

1.54217 

6.55986 

1.56441 

5.81570 

1.51093 

6.20885 

1.56849 

6.16896 

Note:  The  first  row  of  each  industry  shows  Type  I output  multiplier, 

and  the  second  row  of  each  industry  shows  Type  II  output  multiplier. 
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(1)  Type  I Output  Multipliers 
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Type  1 multipliers  are  shown  in  the  first  row  in  Table  10  for  each  indus- 
trial sector.  These  multipliers  are  derived  by  summing  the  column  entries 
of  (I-TA)~1  matrix  under  each  industrial  sector  in  each  region.  The 
multipliers  under  each  region  represent  differences  in  multipliers  when 
the  output  is  produced  in  each  different  region.  For  example,  in  order 
to  deliver  a dollar's  worth  of  agriculture,  forestry  and  fishery  products 
to  final  users  by  Region  I (the  Impact  Region),  the  direct  and  indirect 
requirements  from  various  industrial  sectors  and  regions  would  be  approx- 
imately $2.20.  If  this  delivery  was  made  by  Regions  II,  III,  and  IV  the 
requirements  would  be  $2.03,  $2.37,  and  $2.12  respectively.  Expressed 
differently,  an  increase  in  the  demand  for  one  dollar  of  agricultural 
output  by  the  final  use  may  increase  output  of  the  economy  from  2.03  times 
to  2.37  times  depending  on  where  the  output  is  produced.  The  multiplier 
is  highest  for  this  industry  when  the  output  is  produced  in  Region  III 
and  lowest  when  it  is  produced  in  Region  II. 

The  rank  order  of  multipliers  among  industries  in  Region  I is  non-durable 
manufacturing  (2.25),  agriculture,  forestry  and  fishery  combined  (2.20), 
construction  (2.02),  durable  manufacturing  (1.99),  mining  (1.63),  trans- 
portation, communication  and  utilities  combined  (1.54),  government 
enterprises  (1.54),  services  (1.53),  finance  insurance  and  real  estate 
combined  (1.53),  and  the  trade  sector  (1.35).  Variations  of  multipliers 
for  the  same  industry  among  different  regions  are  generally  not  signifi- 
cant. 


(2)  Type  II  Output  Multipliers 

Type  II  output  multipliers  are  derived  by  summing  column  entries  of  (I-T^Aj|)~* 
matrix  for  each  industry  and  region  and  are  shown  in  the  second  row  for 
each  industrial  sector  in  Table  10.  Type  II  output  multiplier  represents 
the  total  direct,  indirect,  and  induced  requirements  to  deliver  a dollar's 
worth  of  output  of  the  i1-*1  industry  in  the  j th  region  to  the  final  users. 

Since  the  additional  induced  impact  resulting  from  the  consumption  expen- 
ditures on  the  economy  is  added  to  each  type  I multiplier,  each  type  II 
multiplier  is  expected  to  be  greater  than  its  type  I counterpart.  The 
range  of  type  II  multipliers  among  industrial  sectors  in  Region  I is  from 
5.23  (mining)  to  6.56  (government  enterprises).  The  rate  of  increase  from 
the  type  I multiplier  by  adding  induced  impact  differs  significantly  among 
industries.  The  industrial  multipliers  which  increased  more  than  three 
times  are:  government  enterprise,  trade,  services,  transportation  communi- 

cation and  utilities  combined,  mining  and  durable  manufacturing  sectors. 
Consequently  the  pattern  of  ranking  of  type  II  multipliers  has  changed 
significantly  from  type  I multipliers.  The  government  enterprise,  construc- 
tion, durable  manufacturing  and  non-durable  manufacturing  sector  multipliers 
are  among  the  highest.  Except  the  finance,  insurance  and  real  estate  sector, 
all  type  II  multipliers  exceed  5,  but  due  to  the  counteracting  effects  of 
induced  impacts  the  variations  in  the  size  of  multipliers  among  industries 
is  less  than  that  of  type  I multipliers.  The  variation  of  the  same  sector 


multipliers  among  different  regions  demonstrates  a larger  absolute 
variation  compared  to  type  I multipliers,  but  the  relative  variation  is 
again  insignificant. 

Income  Multipliers 

The  output  multiplier  is  convenient  in  measuring  total  shipment  and  link- 
age effects,  but  it  does  not  measure  the  impact  in  terms  of  income  which 
is  a more  convenient  form  of  the  economic  growth  index.  Income  multipliers 
are  also  derived  from  the  basic  tables  discussed  in  the  beginning  of  this 
chapter.  As  in  the  output  multipliers,  income  multipliers  are  classified 
into  type  I and  type  II  multipliers  and  the  meanings  of  these  multipliers 
are  analogous  to  those  of  the  output  multipliers. ^ 

(1)  Type  I Income  Multiplier 

The  type  I income  multiplier  is  expressed  as  the  ratio  of  the  direct  plus 
the  indirect  income  changes  to  the  direct  income  change  resulting  from  a 
dollar  increase  in  final  demand  for  any  given  sector.  The  direct  income 
change  for  each  industrial  sector  is  given  by  household  row  entry  of  the 
interregional  I/O  table  and  direct  requirements  table  in  terms  of  house- 
hold coefficients. 

The  direct  and  indirect  income  change  is  derived  by  multiplying  each 
column  entry  of  an  industrial  sector  in  a region  in  the  (I-TA)-^  matrix 
by  the  supplying  industry's  corresponding  household  row  coefficient  from 
the  direct  requirements  table  and  summing  the  multiplied  results  along 
the  column.  Type  I income  multiplier  represents  the  direct  and  indirect 
change  in  income  resulting  from  a dollar  increase  in  direct  income.  It 
is  worth  noting  that  this  income  results  from  a dollar  change  in  direct 
income  but  not  a dollar  increase  in  final  demand.  To  increase  direct 
income  by  a dollar,  the  final  demand  must  increase  more  than  a dollar. 

Type  I income  multipliers  for  the  IRIO  are  shown  in  Table  11  in  the  first 
row  for  each  industry.  Consider  the  income  multiplier  for  the  sector  of 
agriculture,  forestry  and  fishery  combined.  An  increase  of  a dollar's 
worth  direct  income  by  the  agriculture,  forestry  and  fishery  sector  in 
Region  I to  satisfy  the  final  users  for  the  same  industrial  product,  will 
ultimately  generate  $2.2  income.  The  level  of  income  would  be  $2.1,  $2.9, 
and  $2.3  if  the  output  were  produced  in  Region  II,  III,  and  IV  respectively. 


^ Since  the  household  row  and  column  coefficient  for  the  I/O  model  is 

constructed  to  equate  total  household  income  to  consumption  expenditures, 
the  income  derived  in  this  study  is  less  than  national  income.  Thus,  in 
this  study,  the  term  income  refers  to  household  income. 
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The  range  of  multiplier  among  industrial  sectors  in  Region  I is  from  the 
trade  sector  (1.22)  to  the  non-durable  manufacturing  sector  (2.98).  The 
sector  multipliers  which  are  approximately  equal  to  or  are  greater  than 
two  are:  non-durable  manufacturing,  agriculture,  forestry  and  fishery 

sector,  durable  manufacturing  and  construction  sectors.  The  variation 
of  multipliers  for  the  same  industry  among  different  regions  is  not 
significant,  except  for  the  first  industrial  sector  with  a maximum  range 
of  0.7. 


(2)  Type  II  Income  Multipliers 

Type  II  income  multipliers  are  shown  in  Table  11  in  the  second  row  for 
each  industry.  Type  II  multipliers  are  derived  by  dividing  the  direct, 
indirect,  and  induced  income  changes  by  the  direct  income  change  result- 
ing from  the  increase  of  a dollar's  worth  delivery  by  an  industry  to  the 
final  users  in  a region.  The  direct,  indirect,  and  induced  income  changes 
to  yield  a dollar's  worth  of  ic“  output  in  jth  region  of  final  users  is 
shown  in  the  household  row  entries  in  the  (I-TjjAjj)--^-  matrix.  Income 
changes  due  to  the  delivery  of  one  dollar's  output  by  the  1st  industrial 
sector  in  Region  I is  the  sum  of  the  four  household  rows  under  the  first 
industry  of  (1-T^Ajj)-!  mar^ix.  The  direct  income  change  is  shown  in  the 
direct  requirements  table. 

As  in  the  case  of  output  multipliers,  the  type  II  multipliers  are  greater 
than  their  type  I counterparts.  The  induced  impacts  on  multipliers  vary 
among  industries,  but  not  as  much  as  in  the  case  of  output  multipliers. 
Type  II  multiplier  is  little  more  than  double  type  I multiplier  for  every 
sector.  The  range  of  type  II  multipliers  among  sectors  in  Region  I is 
from  2.8  (trade)  to  6.7  (non-durable  manufacturing).  In  addition  to 
non-durable  industry  agriculture,  forestry  and  fishery  combined  (6.08), 
durable  manufacturing  (4.36)  and  construction >-(4 , 28)  industries  show 
relatively  high  multipliers.  Unlike  the  case  of  output  multipliers, 
induced  impact  does  not  change  the  ranking  of  the  initial  type  I multi- 
pliers . 

The  variation  of  multipliers  among  different  regions  for  the  same  industry 
shows  insignificant  variation. 

t 

The  Impact  of  MKARMPP  Through  10  Sector  Model 

In  this  section  the  impact  of  MKARMPP  on  regional  and  national  economies 
in  terms  of  level  of  output  and  income  for  ten  industrial  sectors  will  be 
evaluated.  Since  the  MKARMPP  cost  is  classified  into  both  contract  cost 
and  project  cost,  the  impact  will  be  estimated  for  both  types  of  cost. 

For  the  convenience  of  the  structural  evaluation  among  industries  and 
regions,  the  evaluation  is  made  per  $1,000  investment  cost.  One  can  find 
the  total  impact  resulting  from  MKARMPP  if  one  multiplies  the  impact  by 
the  total  project  contract  cost  (or  project  cost)  in  units  of  $1,000.  For 


TABLE  11 


INCOME  MULTIPLIERS 


Industry/Reqion 

Region  I 

Reqion  II 

Region  III 

Reqion  IV 

1. 

Agr. , Forest.  & Fish. 

2.2/713 

6.08270 

2.12542 

5.71161 

2.97599 

6.04444 

2.31488 

5.97629 

2. 

Mining 

1.49909 

3.42998 

1.47042 

3.20224 

1.48082 

3.36352 

1.59913 

3.61636 

3. 

Construction 

1.87879 

4.28779 

2.23646 

4.91308 

1.87709 

4.25973 

1.95177 

4.41504 

4. 

Nondurable  Mfg. 

2.98706 

6.76422 

2.85582 

6.26454 

2.64156 

5.98596 

2.37931 

5.37867 

5. 

Durable  Mfg. 

1.91560 

4.36669 

2.00210 

4.39938 

2.20255 

4.99484 

2.01413 

4.55592 

6. 

Transp. , Comm.  & Uti 1 . 

1.47775 

3.38732 

1.49894 

3.26306 

1.47640 

3.35419 

1 .47591 
3.33886 

7. 

Trade 

1.22983 

2.82283 

1.24406 

2.70509 

1.25173 

2.84520 

1.24713 

2.82207 

8. 

Fin. , Ins.  & R.E. 

1.51243 

3.46755 

1.54235 

3.35817 

1.52485 

3.46539 

1.53209 

3.46678 

9. 

Services 

1.40950 

3.23022 

1.40047 

3.05131 

1.38493 

3.14690 

1.38524 

3.13439 

10. 

Govt.  Enterprises 

1.31476 

3.01744 

1.32714 

2.88723 

1.30602 

2.96830 

1.34395 

3.04085 

Note:  The  first  row  of  each  industry  shows  type  I income  multiplier, 

and  the  second  row  of  each  industry  shows  type  II  income  multiplier. 


example,  the  total  impact  of  MKARMPP  contract  cost  is  obtained  by  multi- 
plying the  impact  measured  per  $1,000  contract  cost  by  $878, 289. ^ 


(1)  Evaluation  of  the  Project  Impact  Based  on  Contract  Cost 

The  demand  patterns  of  water  resource  investment  by  12  different  types, 
based  on  their  contract  cost,  are  aggregated  into  11  sectors  in  Table  12. 

The  demand  patterns  for  input  for  the  construction  of  a project  vary  among 
project  types.  The  MKARMPP  is  a combination  of  four  different  types  of 
water  resource  projects.  The  input  demand  for  the  MKARMPP,  without  con- 
sidering the  region  of  origin,  is  defined  as  national  final  demand  for 
the  MKARMPP  and  its  distribution  pattern  by  industrial  sector,  per  $1,000 
contract  cost,  is  shown  in  Table  13.  The  demand  for  labor  is  the  single 
largest  sector  ($386)  followed  by  manufacturing  goods  ($324).  The  total 
contract  cost  is  broken  down  among  various  project  types:  $450  for  multi- 

ple purpose  project;  $29  for  flood  control;  $121  for  revetments;  and  $400 
for  locks  and  dams.  The  requirements  for  the  input  by  industry  also  varies 
greatly  among  types  of  projects. 

Due  to  the  trade  pattern  of  the  impact  region,  as  explained  in  the  previous 
chapter,  the  total  project  demand  for  input  will  not  be  produced  in  the 
impact  region.  The  regional  final  demand  was  defined  as  the  actual  require- 
ments for  the  production  of  goods  and  services  imposed  on  the  various 
regions  for  the  delivery  of  their  products  to  the  impact  region  for  the 
construction  of  the  project.  The  actual  share  of  the  delivery  of  each 
input  depends  upon  the  demand  pattern  of  the  project  and  the  degree  of 
the  economic  reliance  of  the  project  region  upon  other  trading  regions. 

Table  13  shows  that  the  estimated  input  demands  for  the  project  which 
would  be  imposed  on  various  regions  for  the  production  are:  $632;  $140; 

$38;  $190  by  the  Impact,  Southern,  Northern  and  Rest  of  the  U.S.  Regions 
respectively.  This  pattern  is  somewhat  different  from  when  the  80  sector 
model  was  applied  in  the  previous  chapter.  The  share  of  the  Impact  Region 
has  declined  by  about  $40  and  this  amount  was  added  to  the  share  of  the 
Rest  of  the  U.S.  Region.  This  change  has  been  attributed  to  the  fact 
that  the  final  demand  vectors  and  trade  patterns  have  been  aggregated 
into  10  sector  model.  For  example,  in  the  80  sector  model  the  require- 
ments for  mining  products  consist  of  only  stone  and  clay  products  (sector 
9)  and  were  supplied  solely  by  the  project  region.  However,  due  to  the 
aggregation  of  the  model,  the  same  products  are  estimated  to  be  delivered 
by  all  regions  according  to  the  average  trade  flow  patterns  for  total 
mining  products  of  the  project  region  with  other  regions.  Therefore,  in 
the  aggregation  model,  some  deviation  of  the  demand  pattern  from  the 
disaggregated  model  was  expected. 


^ For  the  various  types  of  costs  for  MKARMPP,  see  Table  4,  Chapter  3,  in 
this  report. 
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Table  13 


* 


NATIONAL  AND  RKC TONAL  FINAL  DEMANDS  PER  $1000  FOR  THE  MCCLELLAN-KERR 
ARKANSAS  RIVER  MULTIPLE  PURPOSE  PROJECT  CONTRACT  COST 
(Unit  1963  Dollars) 


NATIONAL  FINAL  DEMAND 


Project  Category 


I/O 

Multiple 

Flood 

Lock 

and 

Total 

Sector 

Purpose 

Control 

Revetments 

Dams 

Project 

1 

0.00 

0.01 

0.00 

0.35 

0.36 

2 

20. 24 

1.28 

39.35 

28.75 

89.62 

** 

3 

0.00 

0.00 

0.00 

0.00 

0.00 

4 

14.22 

1.36 

10.95 

9.90 

36.43 

5 

136.54 

7.42 

6.15 

174.35 

324.46 

6 

18.87 

1.17 

22.26 

24.36 

66.66 

' 

7 

27.55 

2.33 

8.58 

39.31 

77.76 

8 

5.56 

0.35 

1.46 

4.92 

12.29 

9 

2.78 

0.18 

0.73 

2.46 

6.16 

10 

0.12 

0.01 

0.03 

0.11 

0.27 

11 

225.06 

14.66 

31.91 

114.38 

386.01 

Total 

450.93 

28.66 

121.42 

398.89 

1000.00 

i _ 

REGIONAL 

FINAL  DEMAND 

II 

I/O 

Sector 

Region  I 

Region  II 

Region  III 

Region  IV 

Nation 

r 

\ 

1 

0.11 

0.12 

0.02 

0.10 

0.36 

2 

17.37 

61.60 

3.40 

7.25 

89.62 

3 

0.00 

0.00 

0.00 

0.00 

0.00 

• 

4 

9.61 

11.58 

2.71 

12.5  3 

36.43 

5 

59.28 

64.73 

32.36 

168.08 

324.46 

1 

6 

66.66 

0.00 

0.00 

0.00 

66.66 

7 

77.76 

0.00 

0.00 

0.00 

77.76 

1 

8 

10.35 

1.51 

0.01 

0.42 

12.29 

• 

9 

4.33 

0.72 

0.00 

1.10 

6.16 

i 

10 

0.27 

0.00 

0.00 

0.00 

0.27 

11 

386.01 

0.00 

0.00 

0.00 

386.01 

Total 

631.75 

140.27 

38.49 

189.49 

1000.00 

The  regional  demand  indicates  the  economic  structures  of  the  project 
region  with  other  regions  in  terms  of  the  direction  and  magnitude  of 
leakages  by  each  industrial  sector.  The  demand  for  labor,  transportation 
and  service  are  generally  considered  to  be  self-sufficient  but  the  manu- 
facturing goods  heavily  rely  upon  outside  regions,  especially  on  the  Rest 
of  the  U.S. 

Table  14  shows  the  level  of  output  expansion  per  $1,000  project  contract 
cost  using  a closed  1/0  model.  For  the  nation  as  a whole,  the  investment 
of  $1,000  MKARMPP  contract  cost  has  been  estimated  to  increase  the  output 
by  $5705.  That  is,  for  the  total  economy  the  transaction  has  been  expanded 
.Imost  six  times.  The  word  transaction  is  used,  since  the  output  is  mea- 
sured on  a shipment  basis  rather  than  an  income  basis.  This  output 
resulted  from  the  interaction  of  two  factors:  1)  the  trade  pattern  of 

the  project  region  and  2)  the  production  function  of  each  region  of  this 
model.  It  is  also  the  result  of  direct,  indirect,  and  induced  impacts 
of  the  project. 

The  regional  shares  of  the  total  output  are:  30,  18,  5,  and  47  percent 

by  the  Impact,  Southern,  Northern  ind  the  Rest  of  the  U.S.  Regions  res- 
pectively. The  share  of  each  industrial  output  by  each  region  is  also 
shown  in  the  same  table.  As  one  will  notice,  the  share  of  output  by 
industry  and  region  is  somewhat  different  from  those  of  the  regional 
demand  pattern  imposed  on  each  region.  The  extreme  shares  except  the 
household  income  sector,  have  been  absorbed  by  other  industrial  sectors. 
This  is  attributed  to  the  differences  of  linkage  effects  among  industries 
and  is  due  to  household  spending  patterns. 

The  regional  shares  of  industrial  output  as  a whole  slightly  differs  from 
those  of  final  demands.  For  example,  the  share  of  final  demand  by  the 
Impact  Region  was  63  percent  of  the  national  demand,  but  the  output  share 
declined  to  30  percent.  The  same  figures  for  the  Rest  of  the  U.S.  increased 
rom  20  percent  to  47  percent.  This  phenomena  is  probably  attributed  to 
the  size  of  region  and  the  degree  of  self-sufficiency  in  economic  struc- 
tures. The  more  open  the  economy,  the  more  leakages  and  vice  versa. 

The  11th  sector  represents  household  income^  generated  during  the  process 
of  increasing  output  resulting  from  construction  expenditures.  The  total 
household  income  which  results  from  $1,000  construction  expenditures  is 
$1740,  45  percent  of  which  was  shared  by  the  Impact  Region,  38  percent 
by  the  Rest  of  the  U.S.  and  17  percent  by  the  other  two  regions. 


6 The  household  income  defined  here  is  the  income  expendable  for  the  con- 
sumption of  goods  and  services.  Therefore,  the  household  income  is 
smaller  than  the  national  income.  The  way  in  which  the  household  income 
coefficients  are  derived  was  explained  in  Chapter  2. 


Table  14 


OUTPUT  RESULTING  FROM  THE  MCCLELLAN-KERR 
ARKANSAS  MULTIPLE  PURPOSE  PROJECT  CONTRACT  COST 
(PER  $1000  BY  INDUSTRY  AND  REGION 
(Unit  1963  Dollars) 


Industry 

Region  I 

Region  II 

Region  III 

Region  IV 

Nation 

1 

11.17 

27.61 

14.28 

111.89 

164.95 

(6.8)* 

(16.7) 

(8.6) 

(67.8) 

(100) 

2.9 

2 

22.12 

117.64 

6.61 

39.39 

185.75 

(11.9) 

(63.3) 

(3.6) 

(21.2) 

(100) 

3.3 

3 

19.54 

15.25 

2.51 

25.17 

62.46 

(31.3) 

(24.4) 

(4.0) 

(40.3) 

(100) 

1.1 

4 

84.37 

188.68 

49.42 

533.15 

855.62 

(9.9) 

(122.1) 

(5.8) 

(62.3) 

(100) 

15.0 

5 

83.11 

119.68 

62.92 

564.16 

829.87 

(10.0) 

(14.4) 

(7.6) 

(68.0) 

(100) 

14.5 

6 

172.72 

50.47 

12.49 

129.91 

365.58 

(47.3) 

(13.8) 

(13.4) 

(35.5) 

(100) 

6.4 

7 

269.45 

67.63 

18.78 

195.56 

551.43 

(48.9) 

(12.3) 

(3.4) 

(35.5) 

(100) 

9.7 

8 

168.57 

116.00 

19.79 

211.50 

515.86 

(32.7) 

(22.5) 

(3.8) 

(41.0) 

(100) 

9.0 

9 

117.36 

71.42 

14.84 

207.18 

410.80 

(28.6) 

(17.4) 

(3.6) 

(50.5) 

(100) 

7.2 

10 

7.97 

3.60 

0.86 

9.80 

22.24 

(35.8) 

(16.2) 

(3.9) 

(44.1) 

(100) 

0.4 

11 

780.35 

235.59 

62.94 

661.89 

1740.76 

(44.8) 

(13.5) 

(3.6) 

(38 . 0) 

(100) 

30.5 

Total 

1736.73 

1013.57 

265.44 

2689.59 

5705.33 

(30.4) 

(17.8) 

(4.7) 

(47.1) 

(100) 

100 

* Except  the  last  column  each  figure  in  the  ( ) shows  the  percentage 
of  national  output  by  each  industry  by  region.  The  figures  in  the 
( ) in  the  last  row  are  the  regional  shares  of  total  national 

!r  ' industrial  output  by  each  region. 
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The  total  impact  of  the  MKARMPP  contract  cost  is  derived  by  multiplying 
the  above  impacts  per  $1,000  contract  cost  by  the  total  contract  cost  in 
thousand  dollars  which  is  $878,289.  The  total  impact  of  the  MKARMPP  con- 
tract cost  is  estimated  to  be  $5,010,638,745  in  terms  of  output  or 
$1,528,890,359  in  income. 


(2)  Evaluation  of  the  Project  Impact  Based  on  Project  Cost 

The  impact  study  of  the  MKARMPP  based  on  the  contract  cost  does  not  include 
the  impact  resulting  from  the  non-contract  cost  of  the  project.  Since  the 
contract  cost  is  equivalent  to  about  80  percent  of  the  project  cost  in  the 
MKARMPP,  the  project  impact  based  on  the  contract  cost  is  underestimated 
by  at  least  20  percent^  compared  to  that  based  on  the  project  cost.  It 
also  overlooks  the  impact  of  non-contract  costs  on  the  economic  structures. 
In  this  section  the  impact  per  $1,000  MKARMPP  project  cost  will  be  evaluated 
through  the  same  process  as  the  evaluation  of  the  contract  cost.  The  only 
difference  is  that  non-contract  costs  are  added  to  the  household  income 
sector,  because  the  non-contract  costs  are  primarily  wages  and  salaries 
for  the  on-site  labor  and  employees  of  District  Engineers  for  the  design 
and  administration  of  the  project. 

As  shown  in  Table  15,  the  direct  household  income  per  $1,000  project  cost 
is  increased  to  $507  from  $386  compared  to  the  case  of  contract  cost.  Of 
course  the  magnitude  of  the  increase  in  direct  household  income  is  differ- 
ent among  various  types  of  projects.  Due  to  the  increase  in  non-contract 
costs  in  the  project  region,  the  share  of  input  delivery  within  the  project 
region  has  increased  by  7 percent,  from  63  percent  to  70  percent.  The 
output  resulting  from  per  $1,000  MKARMPP  project  cost  is  shown  in  Table 
16.  The  total  output  for  the  nation  is  $5780  and  was  increased  by  $75  as 
compared  to  that  based  on  the  contract  cost.  However,  the  income  generated 
from  the  project  cost  has  increased  from  $1740  to  $1850,  an  increase  of 
$110.  The  share  of  income  by  the  project  region  has  increased  by  3 percent 
or  $140.  The  share  of  national  output  by  industry  and  region  other  than 
household  sector,  has  also  altered  slightly  and  is  shown  in  the  same  table. 

To  estimate  the  impact  of  the  total  MKARMPP  cost  instead  of  per  $1,000 
project  contract  cost  the  various  impacts  which  were  evaluated  in  this 
section  must  be  multiplied  by  1,094,808,  which  is  the  total  MKARMPP  cost 
in  thousand  dollars.  The  total  output  resulting  from  the  MKARMPP  for  the 
nation  as  a whole  is  estimated  to  be  $6,327,979,291,  in  1963  prices.  About 
33  percent  of  the  output  ($2.1  billion)  is  estimated  to  be  attributable  to 
the  Impact  Region.  The  household  income  generated  through  the  construction 
investments  is  estimated  to  be  $2,026,785,206  (2  billion),  about  50  percent 
of  which  ($0.9  billion)  is  attributable  to  the  Impact  Region. 


^ For  the  ratio  of  the  contract  cost  of  MKARMPP  to  the  total  project  cost 
see  Table  4 in  Chapter  3. 
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Table  15 


NATIONAL  AND  REGIONAL  FINAL  D1 MANDS  PER  $1000  FOR  THE  MCCLELLAN-KERR 
ARKANSAS  RIVER  MULTIPLE  PURPOSE  PROJECT  COST 
(Unit:  1963  Dollars) 


NATIONAL  FINAL  DEMAND 


Project  Category 


I/O 

ector 

Multiple 

Purpose 

Flood 

Control 

Revetments 

Lock 

and 

Dams 

Total 

Project 

1 

0.00 

0.01 

0.00 

0.28 

0.28 

2 

16.24 

1.03 

31.57 

23.06 

71.89 

3 

0.00 

0.00 

0.00 

0.00 

0.00 

4 

11.40 

1.09 

8.78 

7.94 

29.23 

5 

109.54 

5.95 

4.93 

139.87 

260.30 

6 

15.14 

0.94 

17.86 

19.54 

53.48 

7 

22.10 

1.87 

6.88 

31.53 

62.38 

8 

4.46 

0.28 

1.17 

3.95 

9.86 

9 

2.23 

0.14 

0.59 

1.98 

4.94 

10 

0.10 

0.01 

0.03 

0.09 

0.22 

11 

294.93 

29.32 

41.56 

141.61 

507.43 

Total 

476.14 

40.63 

113.37 

369.86 

1000.00 

REGIONAL  FINAL  DEMAND 


Region  I 


Region  II 


Region  IJI 


Region  IV 


1 

0.09 

0.10 

0.02 

0.08 

0.28 

2 

13.93 

49.42 

2.73 

5 .,91 

71.89 

3 

0.00 

0.00 

0.00 

0.00 

0.00 

4 

7.71 

9.29 

2.17 

10.06 

29.23 

5 

47.56 

51.93 

25.96 

134.84 

260.30 

6 

53.48 

0.00 

0.00 

0.00 

53.48 

7 

62.38 

0.00 

0.00 

0.00 

62.38 

8 

8.31 

1.22 

0.01 

0.33 

9.86 

9 

3.48 

0.58 

0.00 

0.88 

4.94 

10 

0.22 

0.00 

0.00 

0.00 

0.22 

11 

507.43 

0.00 

0.00 

0.00 

507.43 

Total 

704.57 

112.53 

30.88 

152.02 

1000.00 
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Table  16 


OUTPUT  RESULTING  FROM  THE  MCCLELLAN-KERR 
ARKANSAS  RIVER  MULTIPLE  PURPOSE  PROJECT  COST 
(PER  $1,000)  BY  INDUSTRY  AND  REGION 
(Unit  1963  Dollars) 


Industry 

Region  I 

Region  II 

Region  III 

Region  IV 

Nation 

1 

12.41 

29.56 

14.91 

114.32 

171.20 

(7.2)* 

(17.3) 

(8.7) 

(66.8) 

(100) 

3.0 

2 

18.84 

106.71 

5.96 

37.33 

168.85 

(11.2) 

(63.2) 

(3.5) 

(22.1) 

(100) 

2.9 

3 

20.96 

14.96 

2.41 

24.50 

62.83 

(33.4) 

(23.8) 

(3.8) 

(39.0) 

(100) 

1.1 

4 

93.33 

199.17 

51.57 

536.98 

881.05 

(10.6) 

(22.6) 

(5.6) 

(60.9) 

(100) 

15.2 

5 

72.77 

106.55 

55.88 

511.24 

746.44 

(9.7) 

(14.3) 

(7.5) 

(68.5) 

(100) 

12.9 

6 

170.87 

49.81 

12.02 

125.39 

358.09 

(47.7) 

(13.9) 

(3.4) 

(35.0) 

(100) 

6.2 

7 

286.60 

66.26 

18.00 

188.71 

559.56 

(51.2) 

(11.8) 

(3.2) 

(33.7) 

(100) 

9.7 

8 

189.93 

116.14 

19.00 

205.89 

530.96 

(35.8) 

(21.9) 

(3.6) 

(38.8) 

(100) 

9.2 

9 

133.67 

73.30 

14.28 

205.66 

426.90 

(31.3) 

(17.2) 

(3.3) 

(48.2) 

(100) 

7.4 

10 

8.89 

3.57 

0.83 

9.53 

22.82 

(30. 0) 

(15.6) 

(3-6) 

(41.8) 

(TOO) 

0.4 

11 

923.15 

229.86 

60.09 

638.18 

1851.27 

(49.9) 

(12.4) 

(3.2) 

(34.5) 

(100) 

32.0 

Total 

1931.42 

995.88 

254.94 

2597.73 

5779.97 

(33.4) 

(17.2) 

(4.5) 

(44.9) 

(100) 

100 

* Except  the  last  column  each  figure  in  the  ( ) shows  the  percentage 
of  national  output  by  each  industry  by  region.  The  figures  in  the 
( ) in  the  last  row  are  the  regional  shares  of  total  national 
industrial  output  by  each  region. 
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Sensitivity  Analysis 
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The  previous  study  shows  that  the  demand  pattern  for  input  varies  among 
alternative  project  types.  Due  to  the  differences  of  each  regional  trade 
pattern,  the  regional  demand  patterns  of  the  same  project  is  also  expected 
to  vary  when  a project  region  is  altered.  The  evaluation  of  each  sector 
multiplier  in  the  previous  section  has  shown  that  multipliers  for  the  same 
industry  varied  among  alternative  regions.  The  natural  conclusion  is  that 
the  project  impact  on  regional  and  national  economies  will  not  be  the  same 
for  alternative  project  types  with  the  size  of  investment  and  project 
region  held  constant.  And  the  impact  from  the  same  project  is  not  the 
same  if  the  project  region  is  altered.  In  this  section  the  sensitivity 
of  the  project  impact  is  evaluated  in  terms  of  output  and  income  resulting 
from  a hypothetical  investment  of  $1,000  for  12  different  types  of  water 
resource  projects  in  alternative  project  regions.  The  evaluation  is  based 
on  the  closed  I/O  model,  and  is  limited  to  the  contract  cost  for  various 
water  resource  projects.  The  contract  cost  is  used  because  no  information 
is  available  for  the  part  of  non-contract  costs  for  different  water 
resource  projects.  Again,  the  ten  sector  model  is  used  for  the  analysis. 
The  demand  patterns  for  input  per  $1,000  contract  cost  for  the  ten  sector 
model  is  already  investigated  in  Table  12.  According  to  this  distribution 
pattern,  the  most  labor  intensive  project  is  dredging  (household  income 
$553)  and  the  most  capital  intensive  project  is  powerhouse  ($201)  accord- 
ing to  the  proportion  of  direct  attribution  of  project  contract  cost  to 
household  income. 

Since  the  regional  contributions  to  the  total  economic  impact  of  a project 
on  the  national  economy  by  industrial  sector  are  partially  investigated  in 
the  evaluation  of  MKARMPP,  the  sensitivity  is  limited  for  the  changes  in 
total  industrial  output  and  the  resulting  national  income  as  a whole. 

This  national  impact  is  the  sum  of  the  entire  feedback  impact  for  the 
nation  as  a whole,  regardless  of  project  region. 

The  estimated  output  and  income,  resulting  from  various  $1,000  water 
resource  projects  in  different  regions,  are  shown  in  Table  17.  The  esti- 
mated level  of  income  is  shown  in  parentheses. 


(1)  Sensitivity  in  terms  of  level  of  output 

The  range  of  the  estimated  level  of  output  per  $1,000  contract  cost  among 
types  of  projects  constructed  in  Region  I,  ranges  from  $5329  (Revetment) 
to  $5860  (Dredging)  and  the  difference  is  about  $530.  The  same  ranges 
among  different  project  types  invested  in  other  regions  are:  $559,  $528, 

and  $589  in  Regions  II,  III,  and  IV  respectively.  However,  the  ranges 
of  output  resulting  from  the  same  project  type  invested  in  alternative 
regions  show  that  powerhouse  is  lowest  ($226),  and  that  levees  are  highest 
($334) . Therefore,  the  variation  of  output  resulting  from  the  investment 
of  the  same  project  in  different  regions  is  generally  smaller  than  that 
among  different  project  types  invested  in  the  same  region.  It  is  interest- 
ing to  note  that  the  level  of  output  is  the  highest  resulting  from  the 
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TABLE  17 


SENSITIVITY  OF  IMPACTS  BY  PROJECT  TYPE  AND  REGION 


Project  Type/Region 

Region  I 

Region  II 

Region  III 

Region  IV 

1. 

Multipurpose  project 

5808.41 

5509.32 

5791.51 

5713.28 

including  power 

(1849.96) 

(1745.31) 

(1833.23) 

(1817.08) 

2. 

Dredge 

5860.71 

5557.62 

5858.08 

5787.62 

(1892.74) 

(1787.72) 

(1880.73) 

(1868.70) 

3. 

Large  Earth  Fill  Dam 

5816.61 

5505.03 

5803.93 

5732.63 

l 

(1832.97) 

(1724.19) 

(1817.19) 

(1804.57) 

4. 

Small  Earth  Fill  Dam 

5756.57 

5453.01 

5749.43 

5673.03 

y 

(1764.08) 

(1658.01) 

(1750.63) 

(1735.78) 

5. 

Local  Flood  Protection 

5798.86 

5486.62 

5779.02 

5700.29 

(1857.55) 

(1748.12) 

(1839.61) 

(1823.41) 

6. 

Pile  Dikes 

5650.84 

5325.43 

5645.33 

5549.39 

(1781.84) 

(1667.81) 

(1769.87) 

(1746.75) 

7. 

Levees 

5771.06 

5437.55 

5761.11 

5676.27 

i 

■ i 

(1908.42) 

(1792.08) 

(1894.21) 

(1876.05) 

41 

8. 

Revetment 

5329.35 

4998.68 

5330.90 

5198.72 

f 

i 

(1557.03) 

(1439.21) 

(1548.95) 

(1509.79) 

9. 

Powerhouse 

5766.01 

5540.14 

5762.21 

5691.85 

(1611.03) 

(1531.92) 

(1599.31) 

(1585.52) 

10. 

Medium  Concrete  Dam 

5848.40 

5548.66 

5823.61 

5750.16 

1 

(1848.35) 

(1743.19) 

(1828.44) 

(1814.39) 

11. 

Lock  & Concrete  Dam 

5696.50 

5424.27 

5682.71 

5598.46 

1 

i 

(1665.00) 

(1569.03) 

(1649.88) 

(1630.59) 

d 

12. 

Miscellaneous 

5752.85 

5450.04 

5753.13 

5676.44 

. ' 
X 

V 

(1762.19) 

(1656.73) 

(1751.45) 

(1736.76) 

( 

*■ 

Note:  the  first  row  of  each 

project  type 

shows  the 

total  amount  of 

output 

due  to  $1,000  contract  cost  Investment  for  each  region.  The  numbers 
in  parenthesis  under  the  output  show  the  total  amount  of  income  due 
to  the  investment. 
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investment  in  the  Impact  Region  for  almost  all  types  of  investment  and 
it  is  least  when  the  project  is  constructed  in  Region  II. 


(2)  Sensitivity  in  terms  of  income 

The  estimated  level  of  income  generated  per  $1,000  contract  cost  among 
types  of  projects  constructed  in  the  Impact  Region  ranges  from  $1557 
(Revetment)  to  $1908  (Levees),  and  the  range  is  $351.  The  same  ranges 
resulting  from  the  same  investment  in  other  regions  are  $353,  $346,  $367 
in  Regions  II,  III,  and  IV  respectively.  The  range  of  impact  variation 
among  regions  for  the  same  project  type  shows  that  the  lowest  range  is 
for  Powerhouse  ($80)  and  the  highest  is  for  Dredging  or  Lock  and  Concrete 
Dams  ($105).  As  in  the  case  of  type  I multipliers,  the  impact  variation 
among  project  types  is  much  greater  than  that  among  regions  for  the  same 
project  type.  The  estimated  income  when  the  project  is  invested  in  the 
Impact  Region  is  greatest  followed  by  Regions  III,  IV,  and  II  in  that 
order.  It  is  also  noted  that  the  highest  income  generator  is  in  labor 
intensive  projects  such  as  dredging  and  levies,  and  the  lowest  income 
generator  is  in  capital  intensive  projects  such  as  revetment  and  power- 
house. 

In  the  impact  analysis,  it  has  been  shown  that  the  greater  the  degree  of 
economic  self-reliance  by  a region,  the  greater  is  the  share  of  regional 
final  demand,  and  even  greater  is  the  share  of  output  and  income  if  the 
shares  are  compared  to  those  of  regional  final  demands.  However,  in  the 
sensitivity  analysis  the  level  of  national  output  and  income  generated 
by  the  same  project  in  alternative  regions  does  vary,  but  not  significantly 
compared  to  that  caused  by  different  project  types  invested  in  the  same 
region.  This  means  that  the  national  impact  of  a project  is  not  related 
to  the  size  or  openness  of  the  economic  structure  of  a project  region. 


The  Impact  of  MKARMPP 
Through  an  80  Sector  Model 

Up  to  this  point  the  evaluation  of  the  MKARMPP  and  the  sensitivity  analysis 
has  been  conducted  through  the  10  sector  I/O  model  except  in  the  analysis 
of  demand  patterns  of  investment  expenditures  on  the  nation  and  each  IRIO 
Region.  As  in  the  impact  evaluation  of  the  MKARMPP  through  a 10  sector 
I/O  model,  the  impact  per  $1,000  contract  cost  and  project  cost  through 
an  80  sector  model,  is  evaluated. 


(1)  Evaluation  of  the  Project  Impact  Based  on  Contract  Cost 

The  output  and  income  resulting  from  the  MKARMPP  contract  cost  is  shown 
in  Table  18.  The  output  per  $1,000  contract  cost  is  estimated  to  be 
approximately  $5797,  of  which  Regions  I,  II,  III,  and  IV  share  about  33.1; 
17.0;  4.8  and  45.1  percent  respectively.  The  income  (Sector  80)  is  estimated 


Table  18 

Output  Resulting  from  McClellan 

-Kerr  Arkansas  River 

Multiple  Purpose  Project  Contract  Cost 

Per  $1000  - 1963 

Prices 

I/O 

Region 

Region 

Region 

Region 

1 

% Shares  by 

Sector 

_J 

11 

III 

IV 

Nation 

Shares 

Aggregated  Sector 

1 

7.55 

13.48 

9.14 

69.47 

99.64 

1.72 

2 

3.35 

18.87 

7.31 

54.83 

84.36 

1.46 

3 

1.59 

1.19 

.13 

3.31 

6.23 

.11 

4 

.90 

1.77 

.44 

3.42 

6.54 

.11 

3.40  (1) 

5 

.00 

.18 

.22 

6.42 

6.82 

.12 

6 

.04 

.32 

.03 

3.01 

3.40 

.06 

7 

.29 

.06 

.50 

7.66 

8.51 

.15 

8 

3.65 

39.80 

2.03 

10.23 

55.71 

.96 

9 

49.80 

35.66 

8.56 

6.32 

100.35 

1.73 

10 

.02 

.34 

.02 

.73 

1.10 

.02 

3.04  (2) 

11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

12 

23.03 

10.49 

2.55 

23.01 

59.08 

1.02 

1.02  (3) 

13 

.07 

.11 

.02 

.64 

.84 

.01 

14 

44.42 

79.25 

28.02 

162.53 

314.22 

5.42 

15 

0.00 

.18 

.08 

32.97 

33.23 

.57 

16 

.38 

1.60 

.13 

46.29 

48.40 

.83 

17 

.10 

1.93 

.14 

9.89 

12.05 

.21 

18 

4.92 

8.01 

2.77 

64.20 

79.91 

1.38 

19 

.18 

1.03 

.50 

10.74 

12.45 

.21 

20 

5.62 

9.85 

.21 

15.39 

31.06 

.54 

21 

.04 

.15 

.03 

.92 

1.13 

.02 

22 

1.11 

2.16 

.75 

11.37 

15.38 

.27 

23 

.04 

.13 

.04 

.69 

.91 

.02 

. g 

24 

.91 

5.71 

1.56 

33.29 

41.47 

.72 

25 

.40 

1.59 

1.34 

13.57 

16.89 

.29 

26 

4.33 

5.99 

1.29 

17.92 

29.53 

.51 

27 

1.04 

17.35 

1.85 

28.32 

48.56 

.84 

28 

.03 

2.95 

.23 

14.89 

18.10 

.31 

29 

.37 

2.55 

6.34 

27.73 

37.00 

.64 

30 

.11 

.84 

.59 

5.32 

6.86 

.12 

31 

26.22 

44.00 

3.85 

25.66 

99.73 

1.72 

32 

.87 

5.59 

2.05 

31.91 

40.42 

.70 

33 

0.00 

.05 

.05 

3.85 

3.94 

.07 

34 

.63 

1.34 

2.02 

11.84 

15.83 

.27 

15.67  (4) 

35 

.85 

.78 

.22 

7.02 

8.86 

.15 

36 

22.55 

38.16 

9.26 

20.45 

90.43 

1.56 

37 

3.10 

12.02 

4.84 

114.35 

134.32 

2.32 

jj 

38 

1.63 

3.03 

.48 

32.11 

37.25 

.64 

39 

.15 

1.61 

.49 

6.35 

8.60 

.15 

■ 

40 

24.61 

17.01 

3.73 

11.09 

56.44 

.97 

l 

41 

.21 

1.02 

.57 

13.38 

15.18 

.26 

42 

2.17 

6.33 

1.04 

22.23 

31.77 

.55 

1 

43 

3.00 

1.16 

.12 

20.46 

24.74 

.43 

44 

.01 

.08 

.04 

1.04 

1.17 

.02 

45 

10.46 

30.64 

1.28 

33.90 

76.28 

1.32 

i 

46 

.32 

5.78 

.13 

9.17 

15.41 

.27 

47 

.16 

.29 

.24 

9.42 

10.11 

.17 

48 

.02 

.16 

.03 

1.58 

1.80 

.03 

49 

1.78 

1.39 

.32 

12.10 

15.59 

.27 

50 

.26 

.92 

.36 

9.22 

10.76 

.19 

i 

51 

.19 

.12 

.01 

1.27 

1.59 

.03 

‘s 

52 

1.64 

1.10 

.19 

2.76 

5.70 

.10 

53 

2.24 

1.79 

1.41 

24.09 

29.53 

.51 

54 

2.65 

.20 

.28 

12.72 

15.85 

.27 

55 

.73 

1.22 

.48 

6.99 

9.42 

.16 

56 

1.56 

1.51 

.24 

8.77 

12.09 

.21 

57 

.23 

.15 

.07 

5.53 

5.98 

.10 

58 

.12 

.52 

.30 

5.03 

5.97 

.10 

59 

.80 

14.13 

31.67 

84.38 

130.98 

2.26 

**' 

60 

.30 

.38 

.09 

.90 

1.66 

.03 

\ 

61 

1.05 

2.75 

1.42 

7.82 

13.05 

.23 

1 

62 

1.25 

.74 

.08 

4.50 

6.57 

.11 

r 

63 

.16 

.11 

.07 

5.17 

5.51 

.10 

\ 

64 

1.56 

2.50 

.26 

18.93 

23.25 

.40 

13.90  (5) 

65 

102.10 

22.65 

6.31 

58.96 

190.03 

3.28 

66 

21.02 

7.36 

2.00 

20.06 

50.44 

.87 

67 

.04 

.01 

.00 

.03 

.07 

.00 

68 

60.95 

23.56 

5.64 

49.09 

139.23 

2.40 

6.55  (6) 

69 

286.63 

67.08 

19.95 

189.11 

562.77 

9.71 

9.71  (7) 

70 

32.77 

47.85 

5.62 

64.66 

150.91 

2.60 

71 

148.41 

54.49 

14.69 

137.11 

354.70 

6.12 

8.72  (8) 

1 

72 

31.08 

9.42 

2.39 

24.44 

67.14 

1.16 

i 

73 

11.90 

23.76 

5.03 

77.38 

118.07 

2.04 

74 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

El 

75 

27.54 

7.16 

2.18 

17.59 

54.47 

.94 

76 

11.49 

3.27 

.97 

10.48 

26.21 

.45 

77 

70.58 

19.76 

5.36 

52.12 

147.82 

2.55 

7.1«  (9) 

78 

5.69 

2.99 

.70 

7.62 

17.00 

.29 

*•* 

79 

2.40 

.66 

.17 

1.59 

4.83 

.08 

.37  (10) 

1 

80 

841.17 

227.17 

66.15 

633.89 

1768.38 

30.50 

30.50  (11) 

. 

Total 

1921.52 

979.16 

281.71 

2615.19 

5797.59 

100.00 

100.00 

% Share 

(33.14) 

(16.89) 

(4.86) 

(45.11) 

(100.00) 

, 

K- 

46 

ft 

i 

b 

% 

— i 

to  be  $1768,  of  which  47.5;  12.8;  3.7  and  35.8  percent  are  shared  by 
Regions  I,  II,  III,  and  IV  respectively.  The  income  and  output  are 
estimated  to  increase  by  $92  and  $28  respectively  when  the  impacts  are 
evaluated  through  the  80  sector  I/O  model  compared  to  those  estimated 
through  the  10  sector  model.  The  increase  is  insignificant  and  is 
equivalent  to  1.6  percent  of  the  values  obtained  through  the  10  sector 
model.  However,  the  distribution  of  output  and  income  among  regions  is 
altered  in  favor  of  the  project  region  (about  3 percent)  at  the  expense 
of  other  regions.  This  is  reasonable  if  one  considers  that  the  regional 
final  demand  on  the  Impact  Region  through  the  80  sector  model  is  about 
3 percent  greater  than  the  result  of  the  10  sector  model. 

The  distribution  of  output  by  a disaggregated  industry  sector  shows  that 
heavy  demand  falls  in  the  following  order  excluding  the  household  sector: 
wholesale  and  retail  trade;  real  estate  and  rental;  food  and  kindred  pro- 
ducts; transportation  and  warehousing;  automobile  and  repair  services; 
utilities;  and  motor  vehicles  and  equipment.  However,  if  the  output  by 
80  sectors  is  aggregated  into  10  sectors  the  demand  pattern  is  the  same 
as  that  based  on  the  10  sector  model.  The  rank  of  output  demand  will  be: 
durable  and  non-durable  manufacturing;  trade,  finance,  insurance  and  real 
estate  services;  and  transportation  and  utilities,  in  that  order. 

(2)  Evaluation  of  the  Project  Impact  Based  on  Project  Cost 

The  output  and  income  which  is  estimated  through  the  disaggregated  I/O 
model  is  shown  in  Table  19.  The  total  output  and  income  per  $1000  project 
cost  are  estimated  to  increase  by  about  $110  and  $30  respectively  or  less 
than  2 percent  from  those  estimated  through  the  aggregated  model.  The 
share  of  output  and  income  by  the  Impact  Region  has  increased  by  less  than 
3 percent.  The  distribution  pattern  of  industrial  output  is  generally  the 
same  as  in  the  10  sector  model.  Since  the  total  project  cost  is  approxi- 
mately $1,094,808,000,  the  estimated  total  project  impact  of  the  MKARMPP 
on  the  nation  is:  $6,448,944,627  in  terms  of  output  and  $2,059,476,173 

in  terms  of  household  income  in  1963  dollars.  The  distribution  of  output 
for  each  region  is  35.8;  16;  4.7;  and  43.4  percent  for  Regions  I,  II,  III, 
and  IV  respectively.  The  distribution  of  household  income  by  each  region 
is  52.2;  11.5;  3.4;  and  32.8  percent  respectively. 

The  industrial  output  of  each  sector  is  the  joint  product  of  the  distribution 
pattern  of  final  demand  and  each  sector  multiplier.  Since  we  have  not  made 
the  comparison  of  two  sets  of  sector  multipliers  from  the  10  and  80  sector 
model,  it  is  difficult  to  conclude  whether  each  sector  multiplier,  derived 
from  the  two  models,  may  be  similar  or  not.**  However,  the  insignificant  dif- 
ferences of  the  total  output  and  income  and  distribution  pattern  of  output  by 
industry  derived  by  two  different  I/O  models  suggests  that  the  difference 
between  the  two  sets  of  multipliers  is  not  significant.  This  conclusion 
further  suggests  that  an  aggregated  I/O  model  could  be  used  in  an  impact 
analysis  if  detailed  information  from  a highly  disaggregated  industrial 
level  is  not  mandatory.  This  is  especially  true  under  the  constraints  of 
time,  resources,  and  data. 


6 See  Richardson  op . cit . , pp . 135-38,  for  a further  discussion  about  the 
difference  between  sector  multipliers  derived  from  aggregated  and  dis- 
aggregated 1/0  models. 
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Utile  19 

Output  Resulting  fn«  *•  w-Han-Kerr  Arkansas  River 
Multiple  Purpose  Project  Cost 
Per  S»000  - 1963  Prices 


i * 

I 

V t 

I * 

r m 


I/O 

Reg i on 

Region 

Region 

Region 

l 

1 Shares  by 

Sector 

_J 

11 

III 

[v 

Nat 

Shares 

Aijcjre^dU-d  Set  tor 

l 

8.45 

14.72 

9.78 

72.97 

105.9? 

1.80 

2 

3.77 

20.74 

7.84 

57.32 

89.67 

1.52 

3 

1.71 

1.13 

.14 

3.28 

6.25 

.11 

4 

.99 

1.93 

.47 

3.56 

6.94 

.12 

3.55  (1) 

S 

.00 

.15 

.18 

5.59 

5.92 

.10 

6 

.04 

.28 

.03 

2.72 

3.07 

.05 

7 

.27 

.05 

.46 

7.02 

7.80 

.13 

8 

3.70 

39.37 

2.01 

9.98 

55.07 

.93 

9 

40.03 

28.71 

6.90 

5.37 

81.02 

1.38 

10 

.02 

.33 

.02 

.71 

1.08 

.02 

2.61  (2) 

11 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

12 

24.84 

10.13 

2.52 

22.45 

59.95 

1.02 

1.02  (3) 

13 

.09 

.12 

.02 

.66 

.89 

.02 

14 

51.19 

86.30 

30.19 

165.71 

333.39 

5.66 

15 

0.00 

.19 

.08 

35.21 

35.48 

.60 

16 

.44 

1.76 

.14 

48.81 

51.14 

.87 

17 

.11 

2.08 

.15 

10.12 

12.4*j 

.21 

18 

5.70 

8.92 

2.93 

67.21 

84.76 

1.44 

19 

.21 

1.11 

.54 

11.30 

13.16 

.22 

20 

4.87 

8.69 

.21 

14.82 

28.59 

.49 

21 

.04 

.16 

.03 

.94 

1.16 

.02 

22 

1.24 

2.41 

.84 

11.89 

16.38 

.28 

23 

.04 

.13 

.04 

.69 

.91 

.02 

24 

.96 

5.92 

1.66 

33.86 

42.41 

.72 

25 

.41 

1.63 

1.40 

13.83 

17.28 

.29 

26 

4.91 

6.38 

1.31 

18.23 

30.83 

.52 

27 

.96 

16.56 

1.82 

27.91 

47.25 

.80 

28 

.03 

2.94 

.23 

15.02 

18.22 

.31 

29 

.43 

2.73 

7.10 

29.15 

39.41 

.67 

30 

.11 

.81 

.58 

5.20 

6.70 

.11 

31 

25.93 

43.07 

3.79 

25.03 

97.82 

1.66 

32 

.84 

5.32 

1.99 

31.08 

39.23 

.67 

33 

0.00 

.05 

.05 

4.08 

4.18 

.07 

34 

.72 

1.51 

2.18 

12.45 

16.85 

.29 

15.93  (4) 

35 

.88 

.81 

.23 

7.15 

9.06 

.15 

36 

18.25 

30.98 

7.55 

17.11 

73.90 

1.25 

37 

2.52 

10.02 

4.03 

99.37 

115.95 

1.97 

38 

1.40 

2.68 

.44 

29.02 

33.54 

.57 

39 

.16 

1.72 

.52 

6.56 

8.97 

.15 

40 

19.89 

13.79 

3.03 

9.20 

45.91 

.78 

41 

.20 

.96 

.56 

12.90 

14.62 

.25 

42 

1.93 

5.70 

.98 

20.90 

29.51 

.50 

43 

2.43 

.96 

.10 

16.88 

20.38 

.35 

44 

.01 

.09 

.04 

1.09 

1.23 

.02 

45 

8.40 

24.62 

1.03 

27.30 

61.35 

1.04 

46 

.26 

4.66 

.11 

7.44 

12.46 

.21 

47 

.14 

.26 

.23 

8.36 

8.99 

.15 

48 

.01 

.15 

.03 

1.54 

1.74 

.03 

49 

1.45 

1.15 

.28 

10.25 

13.13 

.22 

50 

.22 

.79 

.33 

7.96 

9.29 

.16 

51 

.17 

.11 

.01 

1.18 

1.47 

.02 

52 

1.65 

1.09 

.19 

2.74 

5.68 

.10 

53 

1.82 

1.47 

1.17 
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Chapter  V 

Summary  and  Conclusion 


Summary  of  the  Study 

The  historical  origin  of  federally  financed  water  resources  development 
projects  in  the  Arkansas  River  Basin  goes  back  to  as  early  as  the  end  of 
the  19th  century.  The  massive  investment  in  this  region  is  identified 
as  the  "McClellan-Kerr  Arkansas  River  Multiple  Purpose  Project."  This 
is  one  of  the  biggest  and  longest  federal  construction  projects  in  water 
resources  development  investments.  For  this  impact  scudy  the  project 
defined  here  is  the  investment  in  this  river  basin  area  during  the  fiscal 
years  of  1857  to  1971.  The  objective  of  the  project  is  to  control  floods, 
supply  water  and  electric  power,  and  to  improve  the  navigation  along  the 
Arkansas  River  up  to  Tulsa,  Oklahoma,  with  an  investment  cost  of  approxi- 
mately 1.1  billion  in  1963  dollars. 

To  evaluate  the  construction  impact  of  the  investment  expenditures  of 
this  federal  project  on  regional  and  national  economies,  an  interregional 
I/O  model  (fixed  column  coefficient  variety)  with  four  internal  regions 
and  79  industrial  sectors  in  each  region  (IRIO)  has  been  adopted.  The 
four  internal  regions  are:  the  Impact  Region  (Region  I,  consisting  of 

part  of  the  states  of  Arkansas  and  Oklahoma  along  the  Arkansas  River) ; 
the  Southern  Region  (Region  II,  consisting  of  the  states  of  Texas  and 
Louisiana  and  the  remaining  parts  of  the  states  of  Oklahoma  and  Arkansas 
after  deducting  the  parts  included  in  the  Impact  Region) ; and  the  Northern 
Region  (Region  III,  consisting  of  the  states  of  Kansas  and  Missouri)  and 
the  Rest  of  the  United  States  (Region  IV  consisting  of  the  rest  of  the 
United  States  not  included  in  Regions  I,  II,  and  III).  The  division  of 
the  internal  regions  is  based  on  the  major  trading  relationships  of  the 
Impact  Region  with  other  regions  during  1963. 

The  basic  data  sources  for  the  IRIO  are  from  the  multireglonal  (51  U.S. 
states)  I/O  study  for  the  year  1963  by  the  Harvard  Economic  Research 
Project  (MRIO)  for  the  Economic  Development  Administration  and  Trade  Flow 
Analysis  for  the  same  year  of  44  U.S.  regions  by  the  Jack  Faucett  Associ- 
ates for  the  Harvard  Study. 

To  construct  the  IRIO  from  MRIO  data,  first  the  I/O  tables  for  each  pair 
of  substates  (one  for  the  part  of  the  Impact  Region  and  the  other  for  part 
of  Region  II)  of  the  states  of  Arkansas  and  Oklahoma  and  the  trade  flows 
associated  with  these  substates  and  other  regions  are  estimated  from 
their  original  state's  I/O  tables  and  their  tradr  with  other  regions  in 
the  MRIO.  To  estimate  the  substates'  I/O  tables  and  their  trade  patterrs 
the  following  assumptions  are  made:  1)  the  production  function  of  each 

substate  is  the  same  as  that  of  the  state  for  each  industry  and  2)  each 
substates'  share  of  state  export  and  import  for  each  industry  is  propor- 
tional to  its  share  of  state  output  and  requirements  respectively.  To 
estimate  substate  output  and  requirements  for  each  industry,  the  estimates 
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of  county  output,  personal  income  and  various  census  data  for  each  state 
were  utilized.  Having  estimated  substate  I/O  tables  and  their  trade  flows, 
I/O  tables  and  trade  flows  for  each  region  of  IRIO  are  estimated  by  aggre- 
gating I/O  data  of  states  or  substates  which  will  be  included  in  each  IRIO 
region.  From  the  I/O  table  of  IRIO  the  regional  technical  coefficients 
(A),  trade  coefficients  (T),  and  interregional  direct  requirements  table 
(TA)  are  estimated. 

Both  open  and  closed  I/O  models  are  evaluated.  To  close  the  I/O  model, 
household  column  and  row  coefficients  are  estimated.  Household  column 
coefficients  are  estimated  from  the  consumption  expenditure  pattern  in 
the  IRIO  I/O  table,  and  household  row  coefficients  are  estimated  from 
value  added  in  the  same  table  multiplied  by  the  national  ratio  of  house- 
hold income  to  value  added  for  each  industrial  sector. 

To  construct  the  final  demand  vectors  for  the  impact  study  through  an  I/O 
model,  the  MKARMPP  cost  is  converted  into  1963  dollars  and  further  classi- 
fied into  contract  cost  and  non-contract  cost.  The  investment  costs  are 
distributed  among  various  industrial  sectors  applying  the  demand  patterns 
for  input  by  12  different  types  of  water  resources  investments.  The  demand 
patterns  for  input  for  various  types  of  water  resources  development  pro- 
jects were  originally  developed  by  the  Bureau  of  Labor  Statistics  and 
Resources  For  the  Future,  Inc.  for  the  year  1958  and  are  deflated  for 
1963  by  this  author. 

According  to  these  demand  patterns,  demand  for  input  of  a water  resources 
project  varies  among  types  of  projects.  The  most  capital  intensive  pro- 
ject is  powerhouse  construction  and  the  most  labor  intensive  project  is  a 
levee.  However,  the  general  characteristics  of  the  demand  pattern  for 
input  for  water  resources  projects,  as  a whole,  shows  a relatively  heavy 
demand  for  on-site  labor  and  manufacturing  goods,  especially  equipment, 
fol’owed  by  a considerable  demand  for  mining  products  and  transportation 
requirements.  The  MKARMPP  consists  of  four  different  types  of  projects: 
multiple  purpose  project  (48  percent),  locks  and  dams  (37  percent),  revet- 
ments (11  percent)  and  flood  control  (4  percent). 

Because  no  region  is  completely  a self-contained  economy  and  because  of 
the  differences  in  trade  patterns  among  regions,  the  delivery  of  input 
which  is  required  for  any  project  must  have  originated  from  various  regions 
according  to  the  demand  pattern  of  project  inputs  and  trade  patterns  of 
the  project  region  to  be  selected.  The  total  demand  for  the  input  of  an 
investment  project  is  defined  as  the  national  final  demand.  The  regional 
share,  which  will  be  produced  and  delivered  by  a region  to  the  project 
region  is  defined  as  the  regional  final  demand.  The  demand  pattern  of  the 
MKARMPP  shows  that  the  single  largest  demand  for  input  is  labor  (50.7  per- 
cent); followed  by  manufacturing  goods  (29  percent);  stone,  clay  mining 
products  (7.2  percent);  trade  and  services  (6.2  percent);  and  transporta- 
tion and  communications  (5.3  percent).  Of  this  national  final  demand  the 
project  region  (Region  1)  shares  about  73  percent  of  its  demand  in  the  80 


sector  model.  All  requirements  for  labor;  stone  and  clay;  transportation 
and  communication;  and  local  repair  services  are  met  by  the  project  region, 
but  less  than  20  percent  of  the  manufacturing  goods  are  supplied  within 
the  project  region.  This  proportion  is  slightly  understated  in  the  10 
sector  model  due  to  the  overstatement  of  the  trade  pattern  of  the  aggre- 
gated industrial  sector.  The  share  of  demand  for  input  by  industrial 
sector  and  their  regional  share  may  be  further  modified  when  the  project 
cost  is  replaced  by  the  contract  cost. 

For  the  convenience  of  analysis  of  the  economic  impact  of  any  given  type 
of  investment  (water  or  non-water  resources  project)  in  any  region  with 
the  IRIO  Type  I and  Type  II  multipliers  by  aggregated  industrial  sector 
for  both  output  and  income  are  evaluated.  The  Type  I multiplier  is 
derived  from  the  open  model  and  is  suited  for  evaluating  the  direct  and 
indirect  impact  of  a given  investment,  while  the  Type  II  multiplier  is 
derived  from  the  closed  model  and  shows  the  added  induced  impact  resulting 
from  the  spending  of  the  household  income  which  is  earned  during  the  pro- 
duction process.  These  multipliers  are  derived  from  the  manipulation  of 
the  interregional  direct  and  indirect  table  (I-TA)--*-  and  interregional 
direct,  indirect,  and  induced  requirements  table  (I-T^A^)-!  respectively. 
These  tables  themselves  consist  of  matrices  of  the  interindustry  and 
interregional  multipliers  for  the  delivery  of  a dollar's  worth  of  each 
industrial  output  to  the  final  users. 

The  output  multiplier  is  suited  for  evaluating  interindustry  linkages  and 
size  of  transaction  per  one  dollar's  change  in  final  demand,  while  the 
income  multiplier  is  suited  for  evaluating  the  magnitude  of  income  changes 
induced  by  a dollar's  change  in  household  income.  Type  I output  multiplier 
by  industry  in  Region  I ranges  from  the  lowest  1.35  (finance,  insurance 
and  real  estate  combined)  to  the  highest  2.25  (trade).  Agriculture, 
forestry  and  fishery  combined,  construction  and  durable  manufacturing 
sectors  show  relatively  higher  multipliers. 

Type  II  output  multipliers  for  the  same  region  by  industry  sector  ranges 
from  the  lowest  3.76  (finance,  insurance  and  real  estate)  to  the  highest 
6.55  (government  enterprises).  The  ranking  order  of  the  Type  II  multi- 
pliers has  significantly  changed  from  that  of  the  Type  I multipliers.  The 
induced  impact  of  multipliers  is  significant  with  government  enterprises; 
trade;  service  and  transportation;  communication;  and  utility  sectors. 

These  multipliers  have  increased  more  than  3.5  times  their  Type  I counter- 
parts. The  variation  of  multipliers  for  the  same  industry  among  different 
regions  is  minor,  particularly  in  Type  I multipliers. 

Type  I income  multipliers,  in  Region  I range  from  the  lowest  1.23  (trade) 
to  the  highest  3.04  (non-durable  manufacturing)  and  the  order  of  ranking 
of  the  size  of  multiplier  is  very  similar  to  that  of  the  Type  I output 
multiplier.  However,  unlike  the  Type  II  output  multiplier  the  induced 
impact  on  each  industrial  sector  is  fairly  uniform.  The  Type  II  multiplier 
has  risen  by  little  more  than  twice  its  Type  I counterpart,  and  it  ranges 
from  2.82  to  6.76.  The  order  of  ranking  the  Type  II  income  multipliers 
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is  the  same  as  that  of  the  Type  I multiplier.  Except  for  agriculture, 
forestry  and  fishery  and  non-durable  and  construction  sectors,  the  varia- 
tion of  Type  I and  II  multipliers  among' regions  is  insignificant. 

The  direct,  indirect,  and  induced  impact  of  the  MKARMPP  is  evaluated  for 
both  contract  and  project  cost  through  the  10  sector  model.  The  impact 
based  on  contract  cost  constitutes  only  a partial  impact  of  the  total  pro- 
ject cost.  The  total  impact  of  the  MKARMPP  contract  cost  on  the  national 
economy  is  estimated  to  be  approximately  $5  billion  in  terms  of  output 
and  $1.5  billion  in  terms  of  household  income.  The  impact  per  $1,000 
MKARMPP  project  cost  is  estimated  to  bring  $5780  of  output  or  $1851  income 
on  the  national  economy.  The  total  impact  of  the  MKARMPP  cost  on  the 
national  economy  is  estimated  to  be  approximately  $6.3  billion  output  or 
$2.0  billion  income  in  1963  prices.  The  heavier  impact  of  output  was 
estimated  to  fall  on  the  manufacturing  industry  followed  by  trade,  finance, 
insurance  and  real  estate  services  and  the  transportation  and  communication 
sectors.  The  project  region  is  estimated  to  share  approximately  33.4  per- 
cent of  output  and  50  percent  of  income  regardless  of  its  high  share  of 
regional  final  demand  (70  percent)  . The  regional  share  of  national  out- 
put increases  when  the  regional  economic  structure  tends  to  be  more  self- 
contained.  The  share  of  the  Rest  of  the  U.S.  for  the  national  output 
increases  to  54  percent  despite  its  low  share  of  regional  final  demand 
(15  percent).  The  total  household  income  shared  by  each  region  is  esti- 
mated to  be  50  percent,  12  percent,  3.2  percent  and  34  percent  by  Regions 
I,  II,  III,  and  IV  respectively. 

The  project  impact  is  also  evaluated  with  an  80  industrial  sector  model 
for  the  benefit  of  getting  a more  detailed  industrial  classification. 
However,  the  level  and  pattern  of  output  by  industry  has  not  changed 
significantly  from  those  obtained  through  the  10  sector  model.  However, 
the  regional  share  of  output  and  income  have  slightly  changed  in  favor 
of  the  project  region  due  to  the  disproportionate  changes  in  final  demand 
and  the  trade  flows  of  each  industrial  sector  from  those  in  the  10  sector 
model.  The  total  national  impact  is  $2.06  billion  dollars  in  household 
income  and  the  share  of  each  region  is:  52.2,  11.5,  3.4,  and  32.8  per- 

cent for  Regions  I,  II,  III,  and  IV  respectively. 

A sensitivity  analysis  of  the  project  impact  of  12  different  types  of 
water  resources  development  investments  in  terms  of  output  and  income  on 
the  national  economy  has  been  evaluated  through  the  10  sector  model  based 
on  per  $1,000  project  contract  costs.  The  impact  of  investment  resulting 
from  investing  alternative  types  of  water  resources  projects  in  the  same 
region  or  from  the  same  type  of  investment  project  in  alternative  regions 
do  vary  for  both  the  level  of  output  and  income.  The  variation  of  output 
is  greater  than  that  of  income,  and  the  regional  variation  is  much  less 
than  those  from  different  types  of  investments  in  the  same  region  for  both 
output  and  income.  The  highest  output  generator  from  alternative  project 
types  is  dredging  ($5860)  and  the  lowest  one  is  revetment  ($5329)  and  the 
highest  income  generator  is  also  dredging  ($1892)  and  the  lowest  one  is 
revetment  ($1557).  The  labor  intensive  project  generally  brings  relatively 
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higher  output  and  income  and  conversely,  the  capital  intensive  project 
brings  relatively  lower  output  and  income.  The  study  shows  also  that, 
generally,  the  highest  level  of  output  and  income  are  from  the  investment 
in  Region  I for  most  types  of  investment  and  the  lowest  output  and  income 
is  from  the  same  investment  in  Region  II. 


Limitation  of  the  Study 

The  impact  of  the  MKARMPP  in  this  study  is  limited  to  the  impact  of  con- 
struction expenditures  for  the  specific  types  of  water  resources  investment 
projects.  However,  the  project  impact  may  be  extended  beyond  the  construc- 
tion phase.  It  may  be  extended  to  the  environmental  impact  study  or  be 
further  extended  to  include  structural  changes  in  the  local  economy  due 
to  the  contribution  of  the  output  of  the  MKARMPP  on  the  local  economy. 

These  are  beyond  the  scope  of  this  study. 

The  impact  of  MKARMPP  is  also  evaluated  through  a fixed  column  coefficient 
interregional  I/O  model  with  1963  regional  production  functions  and  trade 
patterns  estimated  in  MRIO,  and  with  fixed  regional  interindustry  and 
interregional  structural  relationships  estimated  in  IRIO  under  perfectly 
elastic  supply  conditions.  Any  significant  changes  in  the  structural 
relationships  within  the  IRIO  framework  may  become  sources  of  bias  for 
the  impact  analysis. 


Conclusion  of  the  Study 

The  construction  impact  of  the  MKARMPP  ($1.1  billion)  on  the  national 
economy  is  estimated  to  increase  approximately  $6.4  billion  in  terms  of 
output  or  $2.1  billion  in  household  income  in  1963  prices.  Of  this  amount 
approximately  35.8  percent  of  output  and  52  percent  of  income  are  esti- 
mated to  be  shared  by  the  project  region.  The  study  shows  that  the 
economic  impact  of  a project,  regardless  of  the  project  type,  on  local 
and  national  economies  depends  upon  multiple  factors: 

(1)  the  size  and  demand  pattern  of  a project  expenditure; 

(2)  the  way  in  which  the  regions  are  organized; 

(3)  the  economic  structure  of  each  region  (the  production  and  trade  patterns); 

(4)  the  consumption  pattern  of  each  region;  and  finally, 

(5)  the  project  region  to  be  selected. 

The  assessment  of  the  construction  impact  of  the  MKARMPP  is  basically  short- 
term. The  true  impact  of  the  investment  must  be  the  long-term  economic 
development  of  the  Arkansas  River  Basin  Area  induced  by  the  main  output 
of  the  investment.  The  main  output  of  the  investment  are  improvement  of 
the  water  transportation  system;  supply  of  water  and  electric  power;  and 
recreation  sites  and  flood  control  for  the  region. 

The  assessment  of  the  long-term  economic  impact  is  beyond  the  scope  of 
this  research  objective. 
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I . INTRODUCTION 


This  is  part  of  a continuous  series  of  reports  associated  with  a study  for 
the  Evaluation  of  Interregional  Input-Output  Models  for  Potential  Use  in 
the  McClellan-Kerr  Arkansas  River  Multiple  Purpose  Project  Impact  Study 
(MKARMPPIS) . In  the  previous  reports,^  an  interregional  I/O  model  with 
thirty  (30)  industrial  sectors  and  five  (5)  regions  had  been  recommended 
for  construction  for  the  impact  study  (IRIO) . The  sequences  for  the  con- 
struction of  the  recommended  model  consisted  of  three  phases: 

Phase  1 - Construction  of  regional  I/O  tables  and  interregional  trade  flows 
based  on  1963  data.  These  sets  of  data  provide  basic  information  needed  to 
obtain  technical  and  trade  coefficients  of  the  recommended  I/O  model;  and 
these  coefficients,  together  with  given  project  investment  expenditures  as 
final  demands,  are  the  necessary  information  to  determine  both  the  direct 
and  the  indirect  impact  of  the  project  on  the  U.S.  economy.  Maximum  utili- 
zation of  the  existing  data  developed  for  the  multiregional  I/O  model  for 
the  United  States  (MRIO), 2 adjusted  by  the  Bureau  of  Economic  Analysis^ 
was  suggested  for  the  construction  of  the  recommended  model.  These  data 
were  based  on  1963  statistics  and  are  considered  appropriate  for  the  eval- 
uation of  projects  constructed  before  1970. 

Phase  2 - Construction  of  econometric  submodels  to  measure  the  project 
impact  resulting  from  the  increase  in  consumption  and  production  capacity 
induced  by  the  expansion  of  the  economy  resulting  from  project  expenditures. 

Phase  3 - Updating  the  input-output  model  for  the  evaluation  of  project 
expenditures  for  the  period  of  1970-1980. 

The  purpose  of  this  report  is  to  outline  through  the  use  of  MRIO  data, 
basic  methodologies  and  certain  results  of  the  work  related  to  the  Phase 
1 operation  in  the  construction  of  the  IRIO.  This  report  includes  an 
explanation  of  the  basic  data  sets  in  the  MRIO  and  the  methodologies  used 
in  applying  these  data  to  the  IRIO  followed  by  a brief  introduction  of  the 
IRIO  model.  Finally,  the  conceptual  procedures  and  equations  to  solve  this 
model  will  be  introduced. 


1 Ungsoo  Kim,  "Research  Report  for  Evaluation  of  Interregional  Input-Output 
Models  for  Potential  Use  in  the  McClellan-Kerr  Arkansas  River  Multiple 
Purpose  Project  Impact  Study,"  Contract  No.  DACW  31-72-C-0059,  Phase  1 

& II,  submitted  to  the  Institute  for  Water  Resources,  U.S.  Army  Corps 
of  Engineers,  1972. 

2 U.S.  Department  of  Commerce,  Economic  Development  Administration,  A Multi- 
regional Input-Output  Model  for  the  United  States,  prepared  by  Karen  R. 
Polenske,  December,  1970. 
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U.S.  Department  of  Commerce.  Implementation  of  the  MRIO  Model,  prepared 
by  the  Bureau  of  Economic  Analysis  for  the  Economic  Development  Agency, 
Springfield,  Virginia:  The  National  Technical  Information  Center,  1973. 


II.  BRIEF  CHARACTERISTICS  OF  THE  IRIO 


The  construction  of  an  interregional  I/O  model  for  the  MKARMPPIS  (IRIO)  had 
been  recommended  at  the  end  of  1972  after  a review  of  the  basic  objectives 
of  the  impact  study  and  various  theoretical  and  empirical  studies  related 
to  I/O  analysis.  The  recommended  model  is  a column  coefficient  model^ 
consisting  of  five  internal  regions,  within  national  boundaries,  having 
less  than  30  industrial  sectors.  The  five  internal  regions  are:  (1)  the 

Impact  Region  containing  parts  of  the  states  of  Arkansas  and  Oklahoma;  (2) 
the  Southern  Region  consisting  of  the  states  of  Texas,  Louisiana,  and  the 
remainder  of  Arkansas  and  Oklahoma  less  the  Impact  Region;  (3)  the  Northern 
Region,  which  consists  of  the  states  of  Kansas  and  Missouri;  (4)  the  North- 
eastern Region  consisting  of  Indiana  and  Illinois,  and  (5)  the  region 
representing  the  remainder  of  the  United  States. 

An  I/O  table  for  each  state  of  the  United  States  with  details  of  79  indus- 
trial sectors  and  trade  flow  among  44  regions  is  available  from  the  study 
developed  for  the  MRIO.  Since  the  existing  information  about  interindustry 
and  trade  flows  for  the  79  industries  serves  as  a detailed  study  of  the 
project  impact,  the  same  industrial  classifications  will  be  used  for  the 
IRIO.  However,  in  an  attempt  to  keep  the  operation  of  the  model  simple, 
the  numbers  of  internal  regions  will  be  reduced  from  five  to  four  by 
aggregating  the  Northeastern  Region  into  the  rest  of  the  U.S.  Since  the 
trade  value  between  the  impact  region  and  Northeastern  Region  consists 
of  only  six  percent  of  the  total  trade  of  the  impact  region,  the  elimina- 
tion of  the  Northeastern  Region  (as  an  independent  region)  does  not  lessen 
the  utility  of  the  recommended  I/O  model  (see  Map  1). 


^ A fixed  column  coefficient  model  is  defined  as  an  interregional  I/O 
model  in  which  trade  coefficients  are  derived  by  dividing  the  receipts 
of  a commodity  from  a particular  region  by  the  total  receipts  of  that 
commodity  by  the  receiving  region,  and  the  coefficients  are  assumed  to 
be  stable  over  the  period  of  economic  analysis. 
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III.  THE  BASIC  DATA  IN  THE  MRIO 


The  IRIO  model  will  provide  an  analytical  tool  which  evaluates  the  inter- 
regional as  well  as  the  interindustrial  impact  of  the  project  upon  the 
U.S.  economy.  This  model  is  best  explained  by  the  use  of  the  following 
mathematical  equation:  X = (I-TA)-1  TY.  The  level  of  output  (X),  given 

the  change  in  project  investments  (Y) , can  be  projected  if  the  structural 
relationships  of  the  economy  (T&A)  are  known.  T and  A are  interregional 
trade  and  technical  coefficients  which  are  the  major  objectives  of  this 
study.  To  implement  this  model,  three  basic  data  sets  are  required.  These 
data  sets  are  interindustry  flows,  final  demands  of  each  region  and  inter- 
regional trade  flows.  These  data  can  be  obtained  by  modifying  the  basic 
data  sets  in  the  MRIO  which  was  further  adjusted  by  the  Bureau  of  Economic 
Analysis  (BEA) . It  is,  therefore,  necessary  to  understand  the  basic  data 
sets  in  the  Multiregional  Input-Output  Model  for  the  United  States. 

The  MRIO  model  consists  of  44  regions  with  79  industrial  sectors  in  each 
region.  In  the  following  section  the  basic  data  sets  and  some  relation- 
ships among  these  sets  in  the  MRIO  will  be  examined. 


(1)  Interindustry  flows  and  final  demands 

In  the  MRIO,  interindustry  flows  and  final  demands  are  combined  in  a 
regional  I/O  table  and  I/O  tables  for  51  states  including  one  for  the 
District  of  Columbia  for  the  year  1963  have  been  developed.  These  tables 
were  aggregated  into  44  regional  tables.  The  reorganization  of  the  states 
into  44  regions  was  necessary  because  the  information  for  trade  flows  was 
limited  to  44  regions.  Figure  1 shows  an  input-output  table  for  one  region 
which  is  the  summation  of  two  or  more  states.  A regional  industry  is 
classified  into  79  sectors.  Final  demands  consist  of  six  components:  (1) 

personal  consumption  expenditures;  (2)  gross  domestic  capital  formations; 
(3)  net  inventory  changes;  (4)  net  exports;  (5)  Federal  Government  expendi- 
tures; and  (6)  state  and  local  government  expenditures.  These  components 
are  combined  in  one  column  in  the  I/O  table.  However,  each  component  is 
also  estimated  separately.  Figure  1 illustrates  the  organization  of  state 
and  regional  I/O  tables.  Each  row  of  a specific  state  I/O  table  shows  the 
total  distribution  of  a commodity  to  the  intermediate  and  final  consumers 
within  that  state.  Each  column  of  the  table  indicates  total  purchases  of 
goods,  services,  and  value  added  components  by  the  intermediate  or  final 
purchasers  located  within  the  state.  The  large  square  within  each  state 
table  represents  interindustry  transactions.  The  rows  specify  the  pro- 
ducing industry  but  do  not  designate  the  state  in  which  the  goods  are 
produced.  The  columns  specify  the  purchasing  industry  which  is  actually 
located  in  the  state.  The  rectangle  at  the  right  of  each  state  table 
represents  purchases  by  final  consumers  (public  and  private)  in  the  state. 
The  rectangle  along  the  bottom  of  the  table  represents  payments  to  factors 
of  production:  wages  and  salaries,  profits,  rent,  depreciation,  taxes, 

etc.  All  of  these  are  combined  in  the  state  input-output  table  and  are 
referred  to  as  "value  added."  The  input-output  table  of  the  region  was 
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derived  by  adding  the  corresponding  value  of  each  cell  of  the  I/O  table 
of  the  states  within  the  region.  The  characteristics  of  the  I/O  table 
are  the  same  as  that  of  a state.  In  the  MRIO,  only  five  regions  out  of 
44  are  a combination  of  two  or  more  states  and  39  regions  are  represented 
by  single  states. 

A word  of  caution  is  required  for  those  users  accustomed  to  working  with 
a balanced  national  I/O  table.  For  a particular  regional  I/O  table,  the 
sum  of  all  elements  in'  each  row  of  the  table  gives  the  total  consumption 
which  takes  place  within  a region.  The  sums  of  corresponding  rows  and 
columns  of  a regional  table  will  not  necessarily  be  equal,  with  the  dif- 
ference being  attributable  to  interregional  trade.  By  definition,  there 
are  no  interregional  flows  of  value  added,  hence  the  value  added  components 
pertain  to  the  specific  region  only.  The  row  entries  in  each  purchasing 
industry,  divided  by  its  column  total,  are  technical  coefficients  of  the 
industry  in  the  state  or  region.  These  coefficients  indicate  that  the 
production  function  of  the  region,  i.e.,  the  input  requirements  for  the 
production  of  one  dollar's  worth  of  purchasing  industry  output  regardless 
of  its  origin. 


As  in  the  summation  of  states'  I/O  tables  to  arrive  at  a regional  I/O 
table,  the  national  table  is  .omputed  by  summing  the  I/O  tables  of  all 
regions,  or  summing  all  the  states'  tables.  In  the  national  taole,  how- 
ever, the  sums  of  corresponding  rows  and  columns  must  be  equal,  since 
the  total  consumption  must  equal  the  total  production  for  each  industry, 
i.e.,  a balanced  national  I/O  table. 
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(2)  Interregional  Trade  Flows 

As  shown  in  the  explanation  of  a regional  I/O  table  in  the  previous  sec- 
tion, row  entries  indicate  the  distribution  of  a particular  commodity  to 
each  purchasing  industry  and  to  the  final  users  in  the  region  without 
specifying  its  origin.  To  complete  the  information  of  shipping  regions 
of  a commodity  received,  an  interregional  trade  flow  information  of  that 
commodity  is  required.  Figure  2 shows  the  trade  flows  for  industry  1 
among  44  regions.  There  are  79  trade  flow  matrices,  and  each  matrix  is 
a square  (44  x 44)  and  represents  the  shipments  and  receipts  of  the  pro- 
ducts of  a single  industry.  For  example,  the  first  row  of  the  trade 
matrix,  shown  in  Figure  2,  lists  the  shipments  of  the  products  of  Industry 
1 and  produced  in  Region  1 to  each  receiving  region.  The  first  column, 
on  the  other  hand,  shows  the  shipments  of  Industry  1 into  Region  1 from 
all  other  regions.  The  total  of  each  row  (t®0)  represents  the  output  of 
Industry  1 by  each  shipping  region,  while  the  total  of  each  column  (toh) 
represents  total  receipts  or  consumption  by  each  receiving  region.  Since 
the  production  and  consumption  of  an  industry  for  the  nation  as  a whole 
is  assumed  to  be  balanced,  the  summation  of  each  row  total  and  that  of 
the  column  total  must  be  equal  and  are  represented  by  T-^. 


Figure  2 

Interregional  Trade  Flows  for  Industry  1 


(3)  Interrelationships  between  Interindustry  and  Interregional  Trade  Flows 

Both  regional  I/O  tables  and  interregional  trade  flows  are  important  to 
the  completion  of  the  multiregional  accounting  system.  Figure  3 shows 
the  interrelationships  between  these  two  sets  of  data.  A clear  under- 
standing of  these  relationships  is  important  in  checking  the  internal 
consistencies  between  the  two  sets  of  data  within  the  national  control 
totals . 

The  three  relationships  shown  in  Figure  3 are: 

1.  The  relationship  between  regional  and  national  I/O  tables. 

2.  The  relationship  between  regional  production  and  consumption  totals 
and  interregional  trade  flows. 

3.  The  relationship  between  the  total  interregional  trade  flows  and  the 
national  I/O  table. 

Industry  Sector  1 is  used  to  demonstrate  the  above  relationships. 

Allow  the  matrices  C and  P to  represent  row  and  column  totals  of  an  I/O 
table  respectively,  and  the  subscripts  and  superscripts  to  represent 
industry  and  region  respectively. 

As  in  the  case  of  the  estimation  of  a regional  I/O  table  from  the  summa- 
tion of  the  state's  I/O  table,  each  cell  entry  of  the  national  I/O  table 
is  derived  by  summing  the  corresponding  cell  entries  of  the  44  regional 
I/O  tables.  The  demand  for  output  of  Industry  1 for  the  nation  as  a 
whole  (Ci)  is  the  sum  of  all  regional  demands  for  Industry  1 
44  . 44 

( Z C?-).  Likewise,  the  sum  of  all  regional  productions  ( I pf)  becomes 
i=l  i=l 

the  total  input  for  Industry  1 for  the  nation  from  various  supplying 
industries.  In  the  regional  I/O  table,  production  and  consumption  of  each 
industry  sector  are  not  necessarily  equal;  the  differences  will  be  balanced 
by  interregional  trade  flows.  However,  the  production  and  consumption  of 
an  industry  will  be  balanced  in  the  national  I/O  table,  i.e.,  = P^. 

The  amount  of  a commodity  consumed  within  the  first  region  (c^)  shown  as 
the  sum  of  the  first  row  on  the  I/O  table  of  Region  1 must  be  equal  to 
the  amount  of  the  commodity  shipped  into  that  region  (t?-*-)  which  is  shown 
as  the  sum  of  the  first  column  of  the  interregional  trade  flow  table. 

Note  that  regional  and  interregional  shipments-in  and  shipments-out  in- 
clude intraregional  shipments  and  nonshipped  production  as  well  as  inter- 
regional movements  of  commodities.  By  the  same  token,  the  total  amount 
Industry  1 shipped  out  of  a region,  (t|®)  shown  as  the  sum  of  the  first 
row  of  the  trade  flow  table,  must  equal  the  total  amount  of  the  commodity 
produced  in  that  region,  (P^-) , as  shown  by  the  total  of  the  first  column 
in  the  first  region's  I/O  table. 
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I/O  Table  I/O  Table  I/O  Table 
Region  1 Region  44  Nation 
1 82  1 82  1- 82 


C&P  indicate  column  & row  matrices  which  include  sums  of  each  row  and 
column  of  national  I/O  table.  A subscript  indicates  an  industry  and  a 
superscript  indicates  a region. 


Tro  & Tor  indicate  column  & row  matrices  which  include  the  sums  of  each 
regional  shi pments-out  and  regional  shipments-in  respectively.  T-j  indicates 
the  sum  of  each  regional  shipments-out  or  shipments-in. 
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National  production 


The  sum  of  interregional  trade  flows  was  made  consistent  with  production 
and  consumption  of  the  nation,  and  the  production  and  consumption  of  a 
commodity  is  designed  to  be  balanced  in  the  national  I/O  table.  T-^,  as 
shown  in  the  trade  flow  table,  indicates  the  sum  of  production  of  industry 
1 by  all  regions  which  is  equal  to  the  sum  of  consumption  by  all  regions. 
Total  trade  volume  of  industry  (Tj)  , therefore  must  equal  or  Pj  in  the 
national  I/O  table. 


IV.  An  Application  of  MRIO  Data  for  the  Construction  of  IRIO 

The  basic  difference  between  MRIO  and  IRIO  is  that  of  a division  of  the 
United  States  into  a different  number  of  internal  regions.  The  former 
consists  of  44  regions  while  the  latter  consists  of  only  four  regions. 

To  apply  the  basic  data  sets  in  the  MRIO  for  the  construction  of  IRIO 
involves  some  aggregation  and  disaggregation  of  the  original  data.  An 
aggregation  of  the  basic  data  is  required  because  all  regions  of  the  IRIO 
except  the  impact  region  consists  of  more  than  two  MRIO  regions.  A dis- 
aggregation of  the  basic  data  is  required  because  the  organization  of  the 
impact  region  in  the  IRIO  requires  dividing  the  MRIO  regions  of  Arkansas 
and  Oklahoma . 

The  aggregation  of  interindustry  flows  and  final  demands  associated  with 
the  combination  of  a few  regions  has  already  been  demonstrated  in  Figure 
1 in  deriving  the  regional  I/O  table  from  the  states'  tables.  The  aggre- 
gation of  trade  flows  associated  with  the  combination  of  some  of  the 
regions  in  the  MRIO  into  a few  larger  regions  requires  only  the  addition 
of  the  corresponding  elements  of  the  columns  and  rows  of  regions  which 
will  be  combined.  Figure  4 illustrates  the  estimated  new  trade  flow 
table  assuming  the  second  and  third  regions  in  the  MRIO  in  Figure  4-A 
are  combined  into  a larger  region,  e.g..  Region  2 in  Figure  4-B. 

Figure  4-A  represents  trade  flows  among  44  regions,  whereas  Figure  4-B 
represents  trade  flows  among  43  regions  after  combining  the  second  and 
third  regions  into  a single  region.  Note  that  each  corresponding  entry 
of  the  columns  and  rows  of  the  second  and  third  region  in  Figure  4-A  are 
added  and  transferred  into  Figure  4-B  as  each  entry  along  the  third 
column  and  row.  The  numbers  of  columns  and  rows  are  changed  because  of 
a reduction  in  the  number  of  regions  from  44  to  43.  Entries  of  columns 
and  rows  are  not  changed,  with  the  exception  of  those  representing  the 
interregional  trade  flows,  when  the  original  second  and  third  regions  are 
added  together. 

To  estimate  data  for  the  IRIO  an  aggregation  process  of  MRIO  data  is 
required  except  for  those  associated  with  the  division  of  the  states  of 
Arkansas  and  Oklahoma.  The  Impact  Pegion  consists  of  the  parts  of  states 
of  Arkansas  and  Oklahoma  which  belongs  to  BF.A  economic  area  117,  118,  and 
119.  The  remainder  of  the  areas  of  these  two  states  belong  to  the  South- 
ern Region.  Before  the  aggregation  of  the  relevant  I/O  tables  and  associ- 
ated trade  flows  to  estimate  Regional  I/O  data  for  the  IRIO,  therefore, 
the  estimation  of  I/O  tables  and  associated  trade  flows  for  the  divided 
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Figure  4 

Estimate  of  New  Trade  Flow  Resulting  From  an  Aggregation  of  Internal  Regions 


areas  (substate)  of  states  of  Arkansas  and  Oklahoma  within  and  outside  of 
the  Impact  Region  is  necessary.  Fortunately  both  Arkansas  and  Oklahoma 
are  independent  regions  in  the  MRIO,  and  there  exists  estimated  I/O  tables 
and  associated  trade  flows  for  these  states.  Therefore,  if  the  data  for 
each  pair  of  substates  of  the  above  two  states  is  estimated,  the  estima- 
tion of  regional  I/O  tables  and  interregional  trade  flows  for  the  TRIO 
requires  only  the  aggregation  of  those  data  sets  in  the  MRIO  and  for  the 
substates  of  Arkansas  and  Oklahoma.  Let  us  identify  each  state  in  and 
outside  of  the  impact  region  by  adding  A and  B,  respectively,  to  the 
regional  number  given  to  the  state  in  the  MRIO:  e.g,,  28A  and  28B  for 

the  substates  of  Arkansas  and  30A  and  30B  for  those  of  Oklahoma. 

Due  to  time  and  data  limitation,  the  I/O  tables  and  trade  flows  for  the 
above  substate's  areas  will  be  indirectly  estimated  by  proportioning  the 
original  state's  data  in  the  MRIO. 


(1)  An  estimate  of  the  I/O  table  for  the  substates'  areas  of  Arkansas  and 
Okl ahoma 

The  division  of  the  above  two  states  into  two  areas  requires  estimates  of 
I/O  tables  and  trade  flows  for  four  substate's  areas.  Unlike  the  aggrega- 
tion of  existing  regions  (for  which  the  I/O  tables  and  interregional  trade 
flows  are  available) , the  division  of  a region  and  the  indirect  estimates 
of  I/O  tables  and  trade  flows  for  the  subregions  are  not  simple.  Dividing 
a regional  I/O  table  and  trade  flows  resulting  from  the  division  of  a 
region,  involves  both  conceptual  and  technical  problems.  The  following 
section  will  present  the  basic  methodologies  in  estimating  the  I/O  tables 
of  a subregion  using  the  basic  information  for  the  original  region  de- 
veloped in  the  MRIO.  Since  each  state  of  Arkansas  and  Oklahoma  is  treated 
as  an  independent  region,  subregion  here  means  substate.  The  estimate  of 
substate  I/O  consists  of  two  parts:  the  estimation  of  interindustry 

demand  and  final  demands. 

(A)  Estimates  of  substates'  interindustry  flows. 

An  I/O  table  contains  two  data  sets:  interindustry  and  final  demands. 

Interindustry  flows  of  a region  indicate  the  values  of  the  flow  of  goods 
and  services  from  various  supplying  industries  as  input  to  each  purchas- 
ing industry  in  order  to  produce  the  total  output  by  these  purchasing 
industries.  The  relationship  of  these  flows  for  the  production  of  one 
dollar's  worth  of  output  for  each  purchasing  industry,  the  input-output 
coefficients  or  technical  or  direct  coefficients,  indicate  the  production 
function  of  that  industry  in  the  region.  To  estimate  interindustry  flows 
of  substates  (e.g.,  two  substates  areas  of  Arkansas  within  and  outside  of 
the  impact  region)  the  production  functions  of  the  same  industry  within 
the  two  areas  are  assumed  to  be  the  same.  Considering  the  fact  that  many 
small  regional  I/O  tables  are  estimated  through  national  technology,  the 
application  of  a state's  technology  to  its  substate  area  is  inevitable 
unless  a survey  is  conducted.  This  means  that  the  level  of  interindustry 
flow  for  each  industry  in  the  two  substates  areas  of  Arkansas  may  differ 
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due  to  the  difference  in  the  level  of  output  in  these  areas,  but  the  input 
patterns  for  the  same  industry  in  the  two  areas  are  the  same.  If  one  can 
estimate  the  share  of  the  state's  output  for  each  industry  within  each  of 
the  substate's  areas  in  Arkansas,  the  interindustry  flow  for  each  purchas- 
ing industry  in  each  substate  can  be  estimated  by  multiplying  Lhe  staLe 
interindustry  flows  for  the  same  industry  sector  by  the  substate's  share 
of  the  state's  output  for  that  industry.  Figure  5 illustrates  the  process 
of  estimating  interindustry  flows  for  each  of  the  substates  of  Arkansas 
within  and  outside  of  the  impact  area,  given  the  share  of  state  output  by 
substate  and  industry. 


'.ssuming  that  indicates  cell  entry  of  an  1/0  table,  and  that  Z^  is 

sed  when  referring  to  the  same  entry  for  the  interindustry  flow  excluding 
inal  demands.  Let  us  also  assume  that  substate  A and  B indicate  state 
.rea  withi  and  outside  the  impact  region  respectively. 


Z^-  is  the  value  of  commodity  i purchased  by  j1"*'  industry  in  the  state  of 
Arkansas.  .’j  is  the  value  of  total  production  of  j industry  in  the 
state  of  Arkansas,  and  P?  are  the  level  of  output  in  substates  within 
and  outside  the  impact  region  respectively,  where  Pj  = + Pj . and 

.ij  are  the  shares  of  state  output  of  jth  industry  within  and  outside  the 
impact  region  respectively. 


The  i 1 input  to  j *-h  industry  for  the  substate  within  the  project  region 
is  obtained  by  multiplying  the  value  of  i*-h  input  to  j1-*1  industry  of  the 
state  (Z-)  by  the  substate's  share  of  state  output  of  j1*1  industry  (a^ ) . 
The  substate  outside  the  impact  region  will  be  estimated  by  Z^.  • a?, 
i he  outputs  by  industry  in  the  area  of  Arkansas,  within  and  outside  the 
. ap..ct  region  in  1963,  can  be  estimated  from  the  '1963  Output  Measures  for 
Input-Output  Sectors  by  County"  developed  by  Jack  Faucett  Associates. 5 
•> i : c e the  impact  region  is  so  organized  that  counties  are  not  divided, 

1 h*  output  level  of  each  industry  in  the  substate  area  can  be  obtained 
adding  the  same  output  by  county  included  in  the  substate  area.  The 
Jaes  of  1963  output  for  the  states  of  Arkansas  and  Oklahoma  and  their 
(instates'  areas  by  79  industrial  sectors,  and  their  substates'  shares 
, i . and  a^)  f or  each  state,  are  shown  in  Appendix  A.  To  distinguish 
oa^h  of  the  variables  associated  with  different  states,  the  number  given 
to  each  state  as  a regioa  may  be  shown  as  its  superscript.  For  example, 

?B 

indicates  cell  entry* of  interindustry  flows  for  the  state  of  Arkansas 

1 9 QA 

J 1 1 1 _• 1 J _ J _r i 1.L  - i.  _ c 


OQ  A 

b.  *> ed  on  the  regional  number  given  by  MRIO,  and  Zfj 
•■hi.  substate  in  the  impact  area,  abbreviated  region  28A. 
:ures  are  followed  for  the  estimate  of  interindusf 
f Oklahoma. 


indicates  that  of 

The  same  proce- 
f for  the  substates 


5 (Jack)  Faucett  Associates,  Inc.,  "1963  Output  Measures  for  Input-Output 
Sectors  by  County"  prepared  for  the  Office  of  Civil  Defense,  U.S.  De- 
partment of  Defense,  December,  1968. 
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Estimates  of  Substate' 
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's:  interindustry  flows  from  ith  industry  to  jth  industry 


column  total  which  includes  value  added;  superscript  indicates  region, 
subscript,  industry 

substate  share  of  state  output  of  ith  industry,  superscript  indicates 
substate. 


(B)  Estimates  of  final  demands  for  a substate 


Both  interindustry  and  final  demands  for  a commodity  in  a region  consist 
of  total  regional  consumption  or  receipts  of  the  commodity.  The  total 
receipts  of  a commodity  by  a region  in  the  MRIO  model  are  estimated  by 
summing  the  particular  industry  row  in  the  I/O  table  of  the  region.  To 
estimate  the  total  receipts  of  an  industry  for  the  substate  area,  there- 
fore, requires  the  estimation  of  final  demands  for  the  substates  resulting 
from  the  division  of  state  boundaries.  Final  demands  are  included  in  the 
I/O  table  in  the  MRIO  as  a column  vector  which  is  the  aggregation  of  six 
components:  personal  consumption  expenditures;  gross  private  capital 

formations;  net  inventory  changes;  net  exports;  federal  government  expen- 
ditures and  state  and  local  government  expenditures.  However,  independent 
estimates  of  individual  final  demand  components  are  also  available  from 
the  study  for  the  MRIO.  Since  the  demand  pattern  of  each  final  demand 
component  differs  significantly  from  the  others,  the  allocation  of  the 
total  state's  final  demands  into  its  substates  will  be  estimated  inde- 
pendently for  each  final  demand  component^  As  in  the  case  of  interindustry 
flow  estimates,  the  basic  distribution  paRerns  of  each  final  demand 
component  by  industry  sector  of  a state  except  the  net  export  component, 
is  assumed  to  prevail  over  its  substate  areas.  Therefore,  to  estimate 
the  distribution  of  each  final  demand  component  to  a substate  (except 
for  the  net  exports  sector)  only  the  information  of  the  substate's  shares 
of  each  state's  final  demand  component  is  required.  The  basic  methodologies 
in  the  estimation  of  a substate's  shares  of  six  final  demand  components 
will  be  described  below. 

(2)  Personal  consumption  expenditures 

The  original  state  personal  consumption  expenditures  were  estimated  by 
assuming  the  consumption  pattern  of  32  groups  of  residents  of  the  United 
States  by  the  level  of  income  and  residence  area  in  1960  and  by  applying 
the  estimated  population  distribution  of  a state  with  the  same  classifica- 
tion of  residents  for  the  year  1963.  To  avoid  a detailed  survey  for  this 
study  the  pattern  of  classification  of  income  groups  and  their  consumption 
patterns  for  substates'  areas  are  assumed  to  be  equal  to  those  of  the 
state.  The  substate's  share  of  personal  consumption  expenditures  for  a 
state  is  estimated  by  the  substate's  share  of  the  total  state's  personal 
income.  An  implicit  assumption  is  that  the  consumption  pattern  per 
capita  income  is  the  same  throughout  a state.  The  personal  income  of  a 
substate  area  will  be  estimated  by  adding  the  estimated  county  personal 
income  in  1963.  County  personal  income  data  is  available  from  the  esti- 
mates of  either  the  Bureau  of  Economic  Analysis  or  a state  agency.  The 
shares  of  personal  income  (y)  in  the  impact  region  and  outside  the  impact 
region  in  each  part  of  the  states  of  Arkansas  and  Oklahoma  are  given  in 
Appendix  B.  The  final  demand  vector  of  the  personal  consumption  expendi- 
tures for  a substate  area  is  estimated  by  multiplying  that  of  the  state 
by  the  substate's  share  of  the  state's  personal  income. 


(3)  Gross  private  capital  formation 

In  the  MRIO  study,  the  gross  private  capital  formation  consists  of  invest- 
ments in  equipment  and  plant.  The  investment  in  equipment  was  estimated 
by  multiplying  the  capital  expenditures  of  each  industrial  sector  by  the 
19b3  capital  coefficient  matrix.  ^ The  investment  in  equipment  is  estimated 
by  summing  each  row  of  capital  input  to  each  capital  purchasing  industry. 
Investment  in  plant  was  estimated  as  the  investment  in  I/O  sector  11  (new 
construction) . No  information  is  available  for  the  values  of  capital 
purchases  breakdown  by  industry  nor  by  county  basis.  The  investment 
demand  for  each  industry  in  a substate's  area,  therefore,  will  be  esti- 
mated by  prorating  the  substate's  share  of  the  aggregated  state's  output 
of  all  industries.  The  implicit  assumption  is  that  the  distribution 
pattern  of  the  capital  formation  in  a substate's  area,  by  industry,  is 
the  same  as  that  of  the  state.  The  substate's  shares  of  output  of  all 
industries  (6)  within  and  outside  of  the  impact  region  in  each  of  the 
states  of  Arkansas  and  Oklahoma  are  already  shown  in  Appendix  A.  A final 
demand  vector  of  the  gross  private  capital  formation  for  a substate  will 
be  estimated  by  multiplying  that  of  the  state  by  the  substate's  share 
of  the  aggregation  of  all  industrial  outputs. 

(A)  Net  inventory  changes 

In  the  original  study,  net  inventory  changes  in  a state  were  estimated  by 
allocating  the  national  inventory  figures  in  each  industry  sector  by  the 
state's  share  of  output  of  that  industry.  Following  the  same  pattern  of 
estimation  of  the  gross  private  capital  formation  in  this  study,  the  net 
inventory  changes  of  a substate  will  be  estimated  by  multiplying  the 
state  inventory  changes  by  the  substate's  share  of  the  sum  of  the  state's 
output  for  all  industries. 

(5)  Net  exports 

In  the  original  study,  net  exports  of  a state  were  estimated  in  terms  of 
state  of  exit.  In  this  study,  the  net  exports  of  a commodity  based  on 
the  substate's  share  of  the  state's  output  of  that  industry.  This  impli- 
citly assumes  that  the  weighted  average  distance  for  the  exports  from 
the  substates'  are  equal,  and  the  proportion  of  domestic  demand  for  the 
exported  goods  is  proportional  to  the  aggregated  industrial  output  level 
of  each  substate  area.  Unlike  other  final  demand  components,  net  exports 
for  a substate  area  will  not  be  estimated  by  prorating  the  total  value  of 
net  exports  into  a substate.  Instead,  net  export  by  each  industrial  sec- 
tor of  a state  will  be  prorated  into  substate's  area  according  to  the 
substate's  share  of  total  state's  output  by  industry.  The  substates' 


^ (Jack)  Faucett  Associates,  Inc.,  "Development  of  Matrix  of  Interindustry 
Transaction  in  Capital  Goods  in  1963,"  prepared  for  the  Bureau  of  Labor 
Statistics,  U.S.  Department  of  Labor,  1966,  Appendix  D. 
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shares  of  output  by  industries  (a^)  required  to  divide  the  states  of  Arkansas 
and  Oklahoma  are  shown  in  Appendix  A. 

(6)  Federal  Government  expenditures 
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The  estimate  of  Federal  Government  expenditures  for  a state  is  one  of  the 
most  unsatisfactory  factors  of  the  original  study.  The  estimated  Federal 
Government  expenditures  for  a state  to  a substate  will  be  allocated  by 
the  ratio  of  wages  and  salaries  paid  out  to  federal  employees,  both  for 
civilian  and  military,  in  the  substate  to  those  of  the  state.  The  distri- 
bution pattern  of  federal  expenditures  by  industry  sector  in  a substate 
is  assumed  to  be  the  same  as  that  of  the  state.  Wages  and  salaries  for 
the  federal  employees  of  each  county  area  are  available  from  the  personal 
income  data  used  in  the  estimation  of  personal  income  in  a substate.  The 
shares  of  personal  income  attributable  to  the  federal  employees  in  the 
substates ' (6)  within  and  outside  of  the  impact  region  in  each  of  the 
states  of  Arkansas  and  Oklahoma  are  shown  in  Appendix  C.  Since  the  wages 
and  salaries  for  this  employment  are  not  fixed  to  the  total  federal  expen- 
ditures in  the  state  area,  a substate's  share  of  wages  and  salaries  for 
the  federal  employees  serves  only  as  a crude  guide  in  estimating  the  total 
federal  expenditures  in  the  substate.  The  final  demand  vector  of  federal 
expenditures  of  a substate  area  will  be  estimated  by  multiplying  that  of 
the  state  by  the  substate's  share  of  state  personal  income  attributable 
to  federal  employees. 

(7)  State  and  local  government  expenditures 


Fairly  detailed  information  of  state  and  locai  government  expenditures  are 
available  from  the  Census  of  Governments.  The  estimated  state  and  local 
government  expenditures  in  the  original  study  will  be  allocated  to  a sub- 
state area  by  the  ratio  of  the  total  local  government  expenditures  in  the 
substate  to  that  of  the  state  as  a whole.  The  implicit  assumption  is  that 
the  state  government  expenditures  will  be  spent  in  the  substate  area 
according  to  the  substate's  share  of  the  total  local  government  expenditures 
in  that  state.  The  distribution  pattern  of  local  government  expenditures 
by  industry  in  a substate  area  is  assumed  to  be  the  same  as  that  of  the 
state.  To  arrive  at  a substate's  share  of  local  government  expenditures, 
the  local  government  expenditures  by  county  listed  in  the  Census  of  Govern- 
ment, 1962  (Bureau  of  Census)  will  be  used.  The  substates ' shares  of  the 
total  local  government  expenditures  (<j>)  within  and  outside  the  impact 
region  in  each  of  the  states  of  Arkansas  and  Oklahoma  are  shown  in  Appendix 
D.  The  final  demand  vector  of  the  state  and  local  government  expenditures 
of  a substate  will  be  estimated  by  multiplying  that  of  the  state  by  the 
substate's  share  of  total  local  government  expenditures. 


An  estimate  of  the  final  demands  for  subregions  resulting  from  the  division 
of  a region  in  the  MRIO  model,  in  this  case,  the  division  of  Arkansas  into 
substates  within  and  outside  the  impact  region  will  be  illustrated  in 
Figure  6.  Yy  indicates  industry  i which  belongs  to  j th  component  of 

J (1  emand  S ® ^ A on/1  A i -I  o o ^ ♦- V»  ♦-  ♦"  Virt  01 1 o F n F n ^ o eK 


B,  a,,  6,  and  <f>  indicate  that  the  substate’s  shares  of 


personal  income,  aggregated  output  for  all  industries,  output  for  industry 
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Y,  B,  ct.j,  6,  ()>,  ni  indicate  substates'  share  of  state  personal  income; 

^ output  for  all  industries  combined;  output  for  industry  i;  personal  income 

for  federal  employees;  local  government  expenditures;  and  the  substate's 
ii  share  of  aggregated  state  final  demand  for  ith  industry. 
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i,  personal  income  attributable  to  federal  employees,  and  local  govern- 
ment expenditures  in  and  outside  the  impact  region  are  differentiated  by 
A and  B superscript  respectively.  indicates  the  substate's  share  of 

aggregated  final  demands  for  the  state  by  industry  and  is  the  weighted 
sum  for  a substate's  shares  of  each  final  demand  component  by  industry. 
To  avoid  complexity  the  superscript  to  indicate  Arkansas  is  not  shown. 

(C)  An  estimate  of  receipts  by  substates 


ii 


Interindustry  and  final  demands  for  the  substates  by  industry  have  been 
estimated  to  obtain  total  receipts  or  consumption  of  that  commodity  with- 
in each  substate.  Total  receipts  by  industry  and  region  become  the  con- 
trol total  of  the  region's  trade  with  which  the  interregional  trade  flows 
and,  in  turn,  column  trade  coefficients  will  be  estimated.  As  has  been 
explained,  total  receipts  or  consumption  by  industry  (C^)  for  region  r 
is  expressed  by  the  summation  of  each  industry  row  in  the  regional  I/O 
table.  The  total  receipts  of  the  substates  in  Arkansas  and  Oklahoma  by 
industry  will  be  obtained  by  adding  each  row  of  interindustry  and  final 
demands  for  those  substates  estimated  in  the  previous  sections.  Figure 
7 illustrates  the  estimation  of  total  receipts  for  the  substates  of 
Arkansas,  The  substate's  share  of  state  total  receipts  by  industry,  11^ 
or  n?,  can  be  estimated  by  a division  of  the  substate's  receipts  of  an 
industry  by  that  of  the  state.  and  II?  for  the  state  of  Arkansas  and 

Oklahoma  will  be  calculated  through  a computer  program  and  will  be  shown 
in  Appendix  E.  II ^ of  a substate  will  be  used  in  estimating  the  substate's 
shares  of  state  receipts  of  industry  from  each  of  the  shipping  regions  in 
the  next  section. 

(D)  An  estimation  of  the  new  trade  flows 

An  estimate  of  new  trade  flows  resulting  from  the  combination  of  regions 
in  the  MRIO  has  already  been  explained  in  the  previous  section.  To  esti- 
mate new  trade  flows  resulting  from  the  division  of  a region  in  the  MRIO 
is  somewhat  complicated,  and  the  proposed  methodologies  in  estimating  new 
trade  flows  resulting  from  the  division  of  an  internal  region  of  a hypothe- 
tical interregional  I/O  model  which  consists  of  four  internal  regions  will 
be  demonstrated.  Assuming  that  the  division  of  the  third  internal  region, 
the  state  of  Arkansas,  creates  two  new  regions  (3A  and  3B  respectively). 
Figure  8 illustrates  the  estimation  of  new  trade  flows  for  industry  1. 
t-*-“'s  along  the  1st  row  in  Figure  8-A  indicates  the  values  of  output  of 
the  1st  industry  in  Region  1 shipped  to  each  of  the  other  receiving  regions, 
and  tS-L's  along  the  1st  column  show  the  inputs  received  by  Region  1 from 
various  supplying  regions,  t^g  and  tg^  indicate  the  total  production  and 
demand  for  industry  1 by  Region  1 respectively  which  are  not  necessarily 
equal . 

To  estimate  trade  flows  for  Regions  3A  and  3B  with  other  regions,  without 
conducting  an  actual  survey,  the  following  assumptions  are  made: 

a.  The  value  of  shipment  which  was  shipped  to  each  purchasing  region 
from  Region  3 is  originated  from  subregion  3A  and  3E  respectively  and  is 
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Figure  7 

Estimates  of  Total  Receipts  by  Industry  and  Substate  of  Arkansas 
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7jj‘.  interindustry  flow  from  i^  industry  to  j**1  industry. 

Y — : final  demand  for  i^  industry  in  j**1  component. 

C-:  total  receipts  or  consumption  for  i**1  industry  by  the  state. 
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' itf,  n®:  indicate  substates'  shares  of  state's  consumption  by  substate's 

A and  B respectively,  and  derived  by  c?/C..  & C^/C-j  respectively. 
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Figure  8 

An  Estimate  of  Trade  Flows  for  Industry  1 
Resulting  crom  a Division  of  an  Internal  Region 
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proportionate  with  each  substate's  share  ot  state',  output:  ^ 

respectively . 


i‘}  and  u 


b.  The  receipts  of  Industry  1 by  Region  j from  each  of  the  other 
shipping  regions  were  consumed  by  Subregions  3A  and  lb  proportionate  to 
each  substate's  share  of  the  state's  demand  for  that  commodity  (11^  and 
II®  respectively).  The  row  entries  for  Region  3A  and  3B  can  thus  be 
estimated  by  multiplying  each  row  entry  of  Region  3 in  Figure  8-A  (t^S) 
by  and  ir|  respectively,  and  the  column  entries  for  Region  3A  and  3B 
are  estimated  by  multiplying  each  column  entry  of  Region  3 (t^3)  by  1!^ 
and  II?  respectively.  The  new  row  and  column  entries  for  Regions  3A  and 
3B  ana  their  derivations  are  shown  in  Figure  8-B.  Note  that  the  value 
of  shipments  and  receipts  between  the  two  divided  subregions,  including 
those  values  from  their  own  subregions,  are  estimated  by  multiplying  the 
value  of  internal  shipments  in  Region  3 (t^3)  by  the  joint  product  of  the 


_ i uemaiius 

t33aAnA;  t33aAnB.  t^a^n-A.  and  t a^n^.  t^a^I!^  and 

values  of  shipments  of  Industry  1 from  Region  3A  to  3A  and  3 


indicate  the 
B respectively. 


subregions^  shares  of  output  and^emands  for  Industry  1 b^  Region  3,  i.e. 

I1 

values  ot  shipments  ot  Industry  I trom  Region  3A  to  3A  and  3B  respectiv 
and  t33aBj]A  ancj  t33aBj]J  indicate  those  values  from  Region  3B  and  3A  and 
3B  respectively.  aA  and  for  the  states  of  Arkansas  and  Oklahoma  are 
shown  in  Appendix  A and  IlA  and  11^  in  Appendix  E. 


In  the  original  MRIO  model  no  trade  flows  were  assumed  for  service  indus- 
tries. This  assumption  was  made  due  to  the  lack  of  data  in  estimating 
trade  flows  for  service  sectors.  Since  no  trade  means  that  the  off  dia- 
gonal of  the  trade  flow  matrix  in  Figure  8-A  is  zero,  the  trade  flows  of 
the  service  sector  which  were  represented  by  t^a  and  tB^u  are  zero 
except  t33«  tt..  The  same  assumption  is  adopted  in  IRIO;  i.e.,  the  sub- 
states A arti  B of  Arkansas  are  to  be  self-sufficient  for  service  products. 
In  order  to  ensure  this,  however,  two  adjustments  are  required  associated 
with  the  model  of  disaggregating  state  trade  flows  for  service  industries. 
First,  to  ensure  that  the  demand  for  service  products  in  each  substate 
are  self-sufficient,  t^aB^A  and  are  reduced  from  substate  B and 

A and  added  to  substate  A “and  B respectively.  Second,  to  ensure  that 
demand  for  and  output  of  service  products  by  each  substate  are  balanced, 
the  actual  difference  between  output  and  demand  by  each  substate  (the 
residuals  of  the  service  product)  are  entered  in  the  final  demand  matrix 
as  a residual  column;  and  the  final  demand  is  so  adjusted  that  the  sum 
of  rows  of  the  service  sector  equals  that  of  the  column.  The  service 
sectors  which  were  assumed  to  have  no  trade  are:  I/O  sectors  3,  4,  11, 

12,  65,  66,  67,  68,  69,  71,  72,  75,  76,  77,  78,  and  79. 


V.  Construction  of  Structural  Coefficients  for  the  IRIO 


The  basic  methodologies  which  have  been  developed  for  the  aggregation 
and  disaggregation  of  the  regional  interindustry  flows  and  final  demands 
and  interregional  trade  flows  in  the  MR10  are  used  in  the  determination 
of  structural  coefficients  for  the  IRIO  (regional  technical  coefficients 
and  interregional  trade  coefficients).  The  structural  coefficients  with 
the  given  final  demand  vectors,  which  will  be  developed  from  the  project 
investments,  are  integral  parts  of  the  IRIO  in  the  impact  study.  Final 
demand  vectors  for  the  IRIO  must  be  developed  independent  of  the  IRIO 
model,  to  estimate  structural  coefficients  for  the  IRIO  the  following 
methods  will  be  used:  (1)  to  estimate  I/O  tables  and  trade  flows  for 

substates  in  and  outside  the  impact  region  in  each  of  the  states  of 
Akransas  and  Oklahoma;  (2)  to  reorganize  the  44  regional  I/O  tables  and 
interregional  trade  flows  in  the  MRIO  into  46  regional  models  by  replac- 
ing those  estimated  data  for  each  of  four  substates  as  an  independent 
region;  (3)  to  construct  interindustry  and  interregional  flow  tables  for 
the  IRIO  which  consists  of  four  internal  regions;  (4)  to  compute  regional 
technical  coefficients  and  interregional  trade  coefficients  by  dividing 
each  row  entry  of  purchasing  industry  and  region  by  the  corresponding 
column  total.  The  estimation  procedures  about  the  interindustry  and  in- 
terregional trade  flows  associated  for  the  division  of  two  states  into 
each  of  two  substate's  have  been  explained  previously  and  are  not  repeated 
here . 

Since  the  estimates  of  I/O  table  and  trade  flows  for  a substate  and  the 
modification  and  reorganization  of  data  sets  in  the  MRIO  into  the  IRIO 
involves  complicated  procedures,  it  is  necessary  to  clarify  the  use  of 
the  new  estimates  and  the  relationships  among  various  data  sets  through 
a set  of  figures.  The  relationships  of  the  number  of  regions  between 
the  modified  MRIO  and  IRIO  is  shown  in  Appendix  F.  Figure  9 shows  the 
relationships  among  the  original  and  augumented  sets  of  I/O  tables  in 
the  MRIO  and  the  construction  of  new  I/O  tables  for  the  IRIO.  Each  re- 
gional I/O  table  is  expressed  in  terms  of  where  superscript  indicates 
the  region.  The  original  numbers  for  each  MRIO  region  remain  the  same. 
However,  due  to  the  division  of  the  states  of  Arkansas  and  Oklahoma,  these 
two  states'  I/O  tables  were  replaced  by  four  new  tables  representing  each 
substate.  Each  substate  is  assigned  a new  regional  number.  The  two  sub- 
states of  Arkansas  are  labeled  as  28A  and  28B  and  the  two  substates  of 
Oklahoma  as  30A  and  30B . 

A brief  methodology  in  estimating  the  I/O  table  for  the  region  of  28A, 
part  of  the  state  of  Arkansas  in  the  impact  region,  is  explained  in  the 
previous  chapter.  The  same  method  will  be  used  In  estimating  the  I/O 
tables  for  any  part  of  region  in  the  MRIO,  if  the  variables  which  are 
relevant  to  that  part  of  region  are  estimated. 

Figure  10  illustrates  how  the  MRIO  trade  flow  table  for  Industry  1 is 
modified  from  the  44  regional  model  to  a 46  region  model.  As  explained 
in  the  estimates  of  regional  I/O  tables,  the  original  regional  numbers 


Figure  9 

Estimates  of  I/O  Tables  for  IR 10 


Note:  The  I/O  Table  for  each  region  consists  of  83  sectors  of  which  79  are  producing  sectors 


are  kept  with  the  exception  of  those  for  Arkansas  (28)  and  Oklahoma  (30) 
which  were  replaced  by  four  new  numbers  for  the  substates:  28A,  28B,  30A, 

and  30B.  Each  row  entry  for  the  divided  part  of  the  region  is  estimated 
by  multiplying  the  original  cell  entry,  before  the  division  of  a region, 
by  each  subregion's  share  of  regional  consumption  (ti^) , and  each  column 
entry  for  the  subregion  will  be  estimated  by  multiplying  a corresponding 
entry  for  the  region  by  each  subregion's  share  of  output  of  Industry  i 
in  the  region  (a.).  Note,  however,  that  trade  flows  between  two  divided 
subregions  including  intraregional  flows  are  estimated  by  multiplying  the 
original  entry  both  by  shares  of  substate's  consumption  and  by  the  output 
of  an  industry,  except  service  industries. 

The  interregional  trade  flow  table  for  the  IRIO  can  be  estimated  by  aggre- 
gating the  proper  rows  and  columns  in  the  modified  MRIO  trade  flow  table. 
The  trade  flows  for  commodity  i in  the  IRIO,  tS^'s  are  obtained  by  summing 
the  trade  flows  among  regions  in  the  modified  $IRI0  (Figure  10)  which  will 
be  accommodated  in  the  cell  block  in  the  IRIO  trade  flow  table  according 
to  the  regional  classification.  Figure  10  illustrates  trade  flows  for 
only  one  commodity.  There  are  79  sets  of  trade  flows  according  to  the 
industry's  classification.  However,  with  the  exception  of  two  sectors, 
most  service  industries  have  been  so  adjusted  that  have  zero  trade. 

Estimates  of  regional  I/O  tables  and  interregional  trade  flows  are  required 
to  estimate  structural  (interindustry  as  well  as  interregional)  relation- 
ships for  the  I/O  model.  Figure  11  illustrates  technical  and  trade 
coefficients  for  the  IRIO.  These  were  derived  by  the  division  of  each 

7 

row  entry  of  a column  of  tables  by  the  column  total. 

Technical  coefficients  (A^ j ) represents  interindustry  input  requirements 
to  produce  one  dollar's  worth  of  output  by  a purchasing  industry  in  a 
region.  The  I/O  model  contains  four  regional  technical  coefficients 
matrices.  Each  matrix  has  dimensions  of  79  x 79  and  is  arranged  into  a 
block  diagonal  matrix  (A)  of  4 x 4 (see  Figure  11).  Trade  coefficients 
(T§h) t the  proportion  of  each  commodity  received  by  a region  from  various 
shipping  regions,  are  also  arranged  into  block  matrices  with  4x4  dimen- 
sions. Each  block  matrix  is  a 79  x 79  diagonal  matrix  and  each  row  or 
column  in  this  matrix  represents  one  industry. 


^ Column  total  to  derive  technical  coefficients  is  not  the  sum  of  79 
industry  sectors,  but  should  include  value  added  sectors  for  each 
industry . 
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Figure  11 

Structural  Coefficients 


VI.  Mathematical  Note  for  the  Interregional  I/O  Model 


The  theoretical  model  employed  for  the  recommended  I/O  model  is  the  fixed 
column  coefficient  model  in  which  the  patterns  of  a commodity  trade  from 
one  region  to  other  regions  are  expressed  in  terms  of  fixed  trade  coeffi- 
cients (percentage  shares  of  total  receipts  of  the  commodity  by  the  receiv- 
ing region).  Thus  T^''s  are  the  proportion  of  the  total  consumption  of 
commodity  i^  in  region  that  is  shipped  from  region  £ to  region  h.  Other 
structural  coefficients  (technical  coefficients)  are  distinguished  by 
region,  i.e.,  a?..  The  following  basic  sets  of  equations  specify  the 
economic  relatioAships  betv'een  industries  and  regions: 


1) 

2) 

3) 

4) 


og 


m 


xs  = .2.  a-s  xj  + yi 


<?h  = t f x 


g go 

j=l  aiJ 

nh  oh 
i xi 


xf  = t xf 

1 h=l 

oh  _ " x?n 
xi  - X1 


where  i = 1,...,  m;  g,  h = l,...,n. 

x?°  is  the  total  amount  of  commodity  i_  produced  in  region  £. 

i xf  is  the  total  amount  of  commodity  i_  demanded  by  all  final  and 
intermediate  consumers  in  region  h^. 
g 

y^  is  final  demand  for  commodity  i in  region  g. 


The  first  equation  shows  that  the  total  amount  of  commodity  i_  demanded  by 
the  intermediate  and  final  users  in  a region  must  be  equal  to  the  total 
amount  of  the  commodity  supplied  to  the  region.  This  equation  is  used  in 
all  multiregional  input-output  models.  The  second  equation  states  that  a 
commodity  is  shipped  between  regions  £ and  li  according  to  the  fixed  pro- 
portion of  the  total  amount  of  commodity  ji  purchased  by  region  li.  The 
third  and  fourth  equations  simply  define  the  total  production  in  region 
£ and  the  total  consumption  in  region  h,  respectively. 
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The  multiregional  I/O  model  can  be  expressed  in  terms  of  the  following 
matrix  notations: 


n;  region,  1, 4,  m;  industry,  1, 79 

A>  T>  ' are  matrices  for  technical  coefficients,  trade  coefficient's, 
gross  output  and  final  demands  respectively. 


The  column  coefficient  model  in  the  matrix  equation  is  written  as 


follows: 


- 

(5) 

X°r  = ArXr°  + Yr 

(6) 

l Xr°  = E T^r  Xor 
r=l  r=l 

1 

w 

(7) 

n or  n ro 
E X = E X 
r=l  r=l 

i 

where 

r = 1, ,n;  g = 1, 

V 

Equations  (5)  and  (6)  can  1 

. n ro  n qr/irvr0 
(8)  E X = E Ty  A X 

r=l  r=l 

M 

I ■ 

« i 


Where  g = 1, ,n-l.  Equation  (8)  can  be  written  as: 

n ar  r ro  n qr,,r 

(9)  E (I  - T9  A ) X = E T9  Y 

r=l  r=l 

Where  g = 1 , , n-1 . 

The  complete  set  of  2mn  equations  in  2mn  unknowns  is  written  as: 

(10)  (I  - T A)  X = T Y 
and  when  solved  for  X as: 

(11)  X = (I  - T A)_1T  Y or  X = (T_1-A)_1  Y 


i 
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APPENDIX  A-l 

Estimates  of  Outputs  in  Arkansas  and  its  Sub-States' 
and  Sub-States'  Shares  of  Output  by  Industry 


Ik 

UNIT: 

$1,000  (1963) 

If 

28A  r28A. 
a-j  , p 

Share  of  Sub-State's  A 

r » 

i 4 

- k 

28b  28B. 

Ot-j  » P 

Share  of  Sub-State's  B 

i = 1 79 


[ i 
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Outputs  in  Arkansas  and  its  Sub-States' 
and  Sub-States'  Shares  of  Output  by  Industry 

ARKANSAS 


Industry 

State 

Output 

Impact  Region 

(%) 
Share 
, 28A 
Output  (oc-j  ) 

Share  (! 
of  Rest 

State  (a 

1. 

Livstk  & Livstk  Prod 

399,095 

294,281 

74 

26 

2. 

Other  Agr  Prod 

661,249 

228,565 

35 

65 

3. 

Forsty  & Fish  Prod 

14,932 

6,396 

43 

57 

4. 

Agr,  Forsty  & Fish  Svcs 

65,454 

22,425 

34 

66 

5. 

Iron  & Fer  Ores  Min 

1,419 

879 

62 

38 

6. 

Non-Ferr  Metl  Ores  Min 

18,765 

18,688 

100 

00 

7. 

Coal  Mining 

1,558 

1,558 

100 

00 

8. 

Crude  Pet  & Nat'l  Gas 

72,526 

10,163 

14 

86 

9. 

Stone  S Clay  Min  & Quarry 

26,942 

20,950 

78 

22 

10. 

Chem  & Fert  Min  Ming 

10,817 

9,329 

86 

14 

11. 

New  Construction 

445,602 

347,159 

78 

22 

12. 

Main  & Repr  Construct 

189,548 

128,987 

53 

47 

13. 

Ordnance  & Acces 

64 

00 

00 

00 

14. 

Food  & Kindred  Prod 

745,953 

584,326 

78 

52 

15. 

Tobacco  Manufact 

00 

00 

00 

00 

16. 

Brd  & Narw,  Yarn  & Thrd 
Mills 

16,659 

9,545 

57 

43 

17. 

Misc  Textl  Gods  & Fir 
Covr 

22,250 

4,185 

19 

81 

18. 

Apparel 

77,543 

44,898 

58 

42 
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APPENDIX  A-l  Continued 

ARKANSAS 


1 

Industry 

State 

Output 

Impact  Region 

(%) 

Share 

Output  (a?^) 

Share  (%) 
of  Rest  of 
State  (a?8B 

[ 

19. 

Misc  Fabricat  Text  Prod 

586 

332 

57 

43 

20. 

Lumber  & Wd  Prod 

271,026 

123,396 

46 

54 

21. 

Wood  Containters 

13,366 

5,007 

37 

63 

’ l 

22. 

Househld  Furn 

90,457 

67,332 

74 

26 

23. 

0th  Furn  & Fixt 

17,670 

10,376 

62 

38 

24. 

Papr  & Alld  Prod 

190,778 

79,007 

41 

59 

25. 

Paprbd  Cont  & Bxs 

41,624 

40,453 

97 

03 

26. 

Print  & Pub 

47,539 

36,932 

78 

22 

» _ 

[ : ! 

27. 

Chem  & Prod 

135,555 

82,564 

61 

39 

28. 

Plast  & Syn  Matls 

926 

462 

50 

50 

[ X 

29. 

Drgs,  Clean  & Toilt  Prep 

365 

212 

58 

42 

! • 

30. 

Paints  & Alld  Prod 

3,168 

3,166 

100 

00 

| 

31. 

Pet  Indust 

139,825 

4,033 

3 

97 

[ f 

: ' 

l t 

32. 

Rubber  & Plast  Prod 

41,374 

13,879 

34 

66 

1 

4 

33. 

Leathr  Prod 

00 

00 

00 

00 

1 X 

34. 

Footwr  & Othr  Leathr  Prod 

72,564 

32,271 

44 

56 

35. 

Glass  & Glass  Prod 

14,569 

10,866 

75 

25 

r ^ 

36. 

Stone  & Clay  Prod 

50,024 

25,336 

51 

49 

; b 

37. 

Prim  Iron  & Steel  Mfg. 

2,860 

2,235 

78 

22 

38. 

Prim  Non-Ferr  Metl  Mfg 

122,112 

100,815 

83 

17 

39. 

Metal  Container 

12,122 

9,095 

75 

25 

c 

A- 

34 

ft 

i 

J, 

I * 

APPENDIX  A-l  Continued 


ARKANSAS 


Industry 

State 

Output 

Impact 

Output 

Region 

(%) 

Share 

(a?8*) 

Share  [%) 
of  Rest  of 

State  (a?8B 

40. 

Heat,  Plumb  & Fabricated 
Metl  Prod 

37,870 

28,872 

76 

24 

41. 

Screw  Mach  Prod,  bolt, 
nuts,  etc. 

8,753 

1,389 

16 

84 

42. 

Other  Fab  Metl  Prod 

30,810 

13,994 

45 

55 

43. 

Eng  & Turb 

00 

00 

00 

00 

44. 

Farm  Mach  & Equip 

5,068 

2,006 

40 

60 

45. 

Constr,  Ming,  Oil  Field 
Mach  & Equip 

486 

365 

75 

25 

46. 

Mat  Hand  Mach  & Equip 

8,261 

336 

4 

96 

47. 

Metl  Work  Mach  & Equip 

5,405 

4,165 

77 

23 

48. 

Spec  Indust  Mach  & Equip 

2,577 

919 

36 

64 

49. 

Gen  Indust  Mach  & Equip 

9,587 

7,249 

75 

25 

50. 

Mach  Shop  Prod 

4,604 

3,578 

78 

22 

51. 

Ofc,  Comput  & Account 

8,351 

8,351 

100 

00 

52. 

Serv  Indust  Mach 

15,999 

15,801 

99 

1 

53. 

Elect  Trans  & Distr  Equip 
& Elect  Indust  Apparatus 

49,334 

27,272 

55 

45 

54. 

Hshld  Appliances 

133,617 

133,522 

100 

00 

55. 

Elec  Light  & Wiring 

22,728 

19,177 

84 

16 

56. 

Radio,  TV  S Comm  Equip 

64,472 

64,147 

99 

1 

57. 

Electr  Comp  & Acces 

206 

206 

100 

00 
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Impact  Region 

(%)  Share  {%) 

State  Share  of  Rest  of 

Industry  Output  Output  (a^)  State  (a^®S) 


58. 

Misc  Elect  Mach  Equip  & 
Supp 

218 

131 

60 

40 

59. 

Motr  Veh  & Equip 

13,475 

10,124 

75 

25 

60. 

Aircraft  & Parts 

1,075 

00 

00 

100 

61. 

Other  Transp  Equip 

29,472 

27,259 

92 

8 

62. 

Prof,  Scientfc  & 
Control  Instru  & Supp 

39,180 

39,076 

100 

00 

63. 

Opt,  Ophthal  & Photo 
Equip  & Supp 

13,109 

10,109 

100 

00 

64. 

Misc  Manuf 

37,538 

30,614 

82 

18 

65. 

Transport  & Wrhsg 

259,677 

201,621 

77 

23 

66. 

Comm  Excpt  Radio  & TV 
Broadcasting 

78,703 

54,405 

69 

31 

67. 

Radio  & TV  Brdcstng 

8,709 

6,453 

74 

26 

68. 

Elect,  Gas,  Water  & 
Senitary  Svcs 

196,112 

112,732 

57 

43 

69. 

Whlsle  & Ret  Trade 

785,406 

516,256 

66 

34 

70. 

Financ  & Ins ur 

187,961 

139,576 

74 

26 

71. 

Real  Estate  & Rental 

603,731 

373,747 

62 

38 

72. 

Hotls  & Lodg  Places; 
pers  & Repr  Svcs,  excpt 
auto  repair 

97,177 

69,455 

71 

29 

73. 

Business  Serv 

64,204 

52,405 

82 

18 
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ARKANSAS 


Industry 

State 

Output 

Impact 

Output 

Region 

(*) 
Share 
, 28A 

Share  (") 
of  Rest  of 

State  (ai  ) 

74. 

Research  & Develop 

235 

195 

83 

17 

75. 

Auto  Repr  & Svcs 

82,187 

59,635 

73 

27 

76. 

Amusements 

28,360 

26,329 

93 

07 

77. 

Med,  educ  Svcs  & 

140,268 

106,449 

76 

24 

Non-profit  Organ 

78. 

Fed  Govt  Enterprs 

51,566 

29,397 

57 

43 

79. 

State  & Loc  Govt 

Enterprse 

31,269 

20,456 

65 

35 

TOTAL  SUM  OF  ALL  INDUSTRIES: 

7,183,728  4 

i,  588, 476 

64£(828A)  36%(B^UU) 

Source:  (Jack)  Fawcett  Associates,  Inc.  "1963  Output  Measures  for  Input- 

Output  Sectors  by  County"  Prepared  for  Office  of  Civil  Defense, 
United  States  Department  of  Defense,  December  1968. 


APPENDIX  A-2 


Estimates  of  Outputs  in  Oklahoma 
and  its  Sub-States'  and  Sub-States' 
Shares  of  Output  by  Industry 


UNIT:  $1,000  (1963) 


o? OA,  B30A;  Share  of  Sub  State  A 

i 

i 

J0B,  e30B:  Share  of  Sub  State  B 

\ 1 

1 = 1 79 


APPENDIX  A- 2 


Outputs  in  Oklahoma  and  its  Sub-States' 
and  Sub-States'  Shares  of  Output  by  Industry 


OKLAHOMA 

Impact  Region 


Industry 

State 

Output 

Output  ( 

Share 

(%) 

a?0A) 

Share  {%) 
of  Rest  of 

State  (ccB0B 

1. 

Livstk  & Livstk  Prod 

535,823 

428,152 

80 

20 

2. 

Other  Agr  Prod 

420,942 

61,751 

15 

85 

3. 

Frstry  & Fish  Prod 

1,236 

245 

20 

80 

4. 

Agr,  Frstry  & Fish  Svcs 

20,567 

5,575 

27 

73 

5. 

Iron  & Feraly  Ores  Min 

00 

00 

00 

00 

6. 

Nor.-Fer  Met!  Ores  Ming 

4,694 

54 

1 

• 99 

7. 

Coal  Mining 

5,955 

4,503 

77 

23 

8. 

Crude  Pet  & Nat 1 1 Gas 

846,052 

192,309 

23 

77 

9. 

Stone  & Clay  Min  & 
Quarrying 

18,870 

6,984 

37 

63 

10. 

Chem  & Fert  Minrl  Ming 

00 

00 

00 

00 

11. 

New  Construction 

953,979 

314,180 

33 

67 

12. 

Main  & Rep  Construct 

268,192. 

115,204 

43 

57 

13. 

Ordnance  & Accessories 

192 

128 

67 

33 

14. 

Food  & Kindred  Prod 

527,264 

153,695 

29 

71 

15. 

Tobacco  Manufactures 

00 

00 

00 

00 

16. 

Brd  & Nrw,  Yarn  & Thrd 
Mills 

1,202 

1,022 

85 

15 

17. 

Misc  Txtl  Gds  & Fir  Cover 

192 

00 

00 

100 
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APPENDIX  A-2 


OKLAHOMA 

Impact  Region 

Share  Share  {%) 


Industry 

State 

Output 

Output  ( 

(%)  of  Rest  of 

30Av  / 30B 

a-j  ) State  (a-j 

18. 

Appa re 1 

43,944 

10,607 

24 

76 

19. 

Misc  Fab  Text  Prod 

3,957 

1,143 

29 

71 

20. 

Lumber  & Wd  Prod 

28,776 

6,964 

24 

76 

21. 

Wdn  Containers 

00 

00 

00 

.00 

22. 

Househld  Furn 

11,574 

1,491 

13 

87 

23. 

0th  Furn  & Fixt 

4,865 

2,069 

43 

57 

24. 

Papr  & Alld  Prod 

12,415 

6,844 

55 

45 

25. 

Paprbd  Cont  & Bxs 

16,068 

11,490 

72 

28 

26. 

Print  & Pub 

81 ,135 

32,147 

40 

60 

27. 

Chem  & Prod 

36,205 

17,414 

48 

52 

28. 

Plast  & Syn  Matls 

926 

00 

00 

100 

29. 

Drgs,  Clean  & Tit  Prep 

4,052 

1,389 

34 

66 

30. 

Paints  & Alld  Prod 

5,994 

4,490 

75 

25 

31. 

Petrol  Indust 

733,760 

565,159 

77 

23 

32. 

Rubber  5 Plast  Prod 

91,823 

11,881 

13 

87 

33. 

Leather  Products 

00 

00 

00 

00 

34. 

Ftwr  & 0th  Leath  Prod 

4,230 

1,683 

40 

60 

35. 

Glass  & Glass  Prod 

65,198 

62,105 

92 

8 

36. 

Stone  & Clay  Prod 

82,107 

35,745 

44 

56 

37. 

Prim  Iron  & Steel  Mfg 

26,995 

23,695 

88 

12 
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OKLAHOMA 


Impact  Region 

Share  Share  [%) 


Industry 

State 

Output 

Output  ( 

(%)  of  Rest  i 

30A.  . ,31 

a.j  ) State  (a^ 

38. 

Primary  Non-Ferrous  Metl 
Mfg. 

76,057 

67,118 

88 

12 

39. 

Metal  Container 

2,944 

423 

14 

86 

40. 

Heat,  Plumb  & Febricated 
Metal  Products 

146,163 

99,055 

68 

32 

41. 

Screw  Mach  Prod,  bolt, 
nuts,  etc. 

5,804 

3,908 

67 

33 

42. 

Oth  Fab  Metl  Prod 

37,109 

21,410 

58 

42 

43. 

Engines  & Turbines 

104 

104 

100 

00 

44. 

Farm  Mach  & Equip 

6,911 

3,618 

52 

48 

45. 

Constr,  Mining,  Oil  Field 
Mach  & Equip 

124,281 

65,357 

53 

47 

46. 

Mat  Hand  Mach  & Equip 

2,215 

228 

11 

89 

47. 

Metl  Work  Mach  & Equip 

2,118 

1,776 

84 

16 

48. 

Spec  Indust  Mach  & 
Equipment 

8,349 

1,945 

23 

77 

49. 

Gen  Indust  Mach  & Equip 

48,259 

39,133 

81 

19 

50. 

Mach  Shop  Prod 

13,438 

6,624 

49 

51 

51. 

Ofc,  Comput  & Acctg 

1,585 

729 

46 

54 

52. 

Svc  Indust  Mach 

17,204 

3,159 

18 

82 

53. 

Elect  Trans  & Distr  Equip 
& Elect  Indust  Apparatus 

19,778 

18,144 

92 

8 

54. 

Household  Appliances 

2,262 

837 

37 

63 

55. 

Elec  Light  & Wiring 

455 

100 

22 

78 
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OKLAHOMA 

Impact  Region 

Share  Share  (%) 


Industry 

State 

Output 

Output  ( 

(%)  of  Rest  of 

30A,  / 30B 

a-j  ) State  (a-,- 

56. 

Radio,  TV  & Comm  Equip 

175,340 

6,402 

4 

96 

57. 

Electr  Comp  & Acces 

7,136 

801 

12 

88 

58. 

Misc  Elect  Mach.  Equip 
& Supp 

6,567 

304 

5 

95 

59. 

Motr  Veh  & Equip 

77,545 

5,010 

6 

94 

60. 

Aircraft  & Parts 

458,202 

257,539 

56 

44 

61. 

Oth  Trans  Equip 

16,100 

5,518 

34 

66 

•62. 

Prof,  Scientifc  & Control 
Instr  & Supp 

9,784 

8,276 

85 

15 

63. 

Opt,  Ophthal  & Photo 
Equip  & Supp 

184 

184 

100 

00 

64. 

Misc  Manufacturing 

16,691 

10,350 

62 

38 

65. 

Transp  & Warehousing 

491,224 

199,576 

41 

59 

66. 

Comm  Excpt  Radio  & TV 
Broadcasting 

165,582 

70,974 

43 

57 

67. 

Radio  & TV  Brdcsting 

18,577 

7,946 

43 

57 

68. 

Elect,  Gas,  Water  & 
Sanitary  Svcs 

307,573 

129,207 

42 

58 

69. 

Whlsle  & Ret  Trade 

1,279,977 

479,336 

37 

63 

70. 

Finance  & Insur 

353,314 

142,422 

40 

60 

71. 

Real  Estate  & Rental 

1,111,255 

440,345 

40 

60 

72. 

Hotls  & Lodg  Places; 
pers  & repr  svcs, 
excpt  auto  repair 

146,017 

56,678 

39 

61 
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OKLAHOMA 

Impact  Region 

Share  Share  (%) 


Industry 

State 

Output 

Output  ( 

(%)  of  Rest  of 
afA)  State  (a?0E) 

73. 

Business  Services 

200,608 

68,016 

34 

66 

74. 

Research  & Development 

2,218 

721 

33 

67 

75. 

Auto  Repr  & Services 

135,488 

59,426 

44 

56 

76. 

Amusements 

43,872 

19,405 

44 

56 

77. 

Med,  Educ  Svcs  & Non- 
Profit  Organ 

285,933 

119,041 

42 

58 

78. 

Fed  Govt  Enterprises 

73,117 

19,957 

27 

73 

79, 

State  & Loc  Govt  Entrprse 

68,145 

2,722 

40 

60 

TOTA 

L SUM  OF  ALL  INDUSTRIES:  1£ 

,824,669 

4,523,942 

42%(630A) 

58%(B30B) 

Source:  (Jack)  Fawcett  Associates,  Inc.  "1963  Output  Measures  for  Input- 

Output  Sectors  by  County"  Prepared  for  the  Office  of  Civil 
Defense,  United  States  Department  of  Defense,  December  1968. 
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APPENDIX  B 


Estimates  of  Share  of  Sub-States'  Personal  Income 
Within  and  Outside  of  the  Impact  Area 
in  the  States  of  Arkansas  and  Oklahoma  Respectively 


y28A>  y28B. 


Share  of  Substate's  A&B,  Arkansas 


y30A  y^OB.  share  of  Substate's  A&B,  Oklahoma 


4 

n 


API  END IX  B-l 
State  of  Arkansas 
(Unit:  SI  .000)0965) 


STATE  TOTAL:  3,576,700 

SHARE  OF  THE  IMPACT  AREA: 
SHARE  OF  THE  REST  OF  AREA: 


64%(y28A) 


QBE 

County 

QBE 

County 

117 

Arkansas 

55,134 

117 

Pike 

13,867 

117 

Clark 

37,924 

117 

Pope 

41 ,515 

117 

Cleburne 

13,844 

117 

Prairie 

19,007 

117 

Cleveland 

8,679 

117 

Pulaski 

718,794 

117 

Conway 

27,078 

117 

Saline 

69,479 

117 

Faulkner 

49,156 

117 

Sharp 

10,515 

117 

Fulton 

8,045 

117 

Stone 

7,114 

117 

Garland 

107,473 

117 

Van  Buren 

9,567 

* 

117 

Grant 

14,652 

117 

Whi  te 

58,335 

117 

Hot  Spring 

43,245 

117 

Woodruff 

20,605 

117 

Independence 

35,269 

118 

Crawford 

37,869 

117 

Izard 

8,934 

118 

Frank!  in 

16,786 

117 

Jackson 

39,407 

118 

Logan. 

26,429 

V 

117 

Jefferson 

172,298 

118 

Polk 

17,975 

117 

Johnson 

19,792 

118 

Scott 

11,619 

117 

Lincoln 

19,541 

118 

Sebastian 

187,408 

117 

Lonoke 

42,526 

118 

Yell 

26,438 

117 

Monroe 

25,349 

119 

Benton 

83,600 

f. 

117 

Montgomery 

8,045 

119 

Madison 

18,108 

l 

117 

Perry 

6,660 

119 

Washington 

149,157 

1 

i’ 

SUM  OF 

THE  IMPACT  AREA: 

2,287,238 

36%(y28B) 


SOURCE: 


College  of  Business  Administration,  University  of  Arkansas, 
Arkansas  Personal  Income  Handbook  1973. 


APPENDIX  B-2 
State  of  Oklahoma 
Unit:  $1  ,000) ( 1962 


QBE  County 


118  Haskell  7,824 
118  Latimer  6,350 
118  Le  Flore  28,265 
118  Pittsburg  54,292 
118  Pushmataha  7,384 

118  Sequoyah  13,807 

119  Adair  10,033 
119  Cherokee  17,861 
119  Creek  51,474 
119  Delaware  11,348 
119  Kay  111,110 
119  McIntosh  15,955 
119.  Mayes  28,418 
119  Muskogee  103,639 
119  Nowata  15,183 
119  Okmulgee  57,498 
117  Osage  37,084 
119  Pawnee  11,598 
119  Payne  71,549 
119  Rogers  24,750 
119  Tulsa  954,958 
119  Wagoner  14,043 
119  Washington  140,456 


SUM  OF  THE  IMPACT  AREA:  1,794,879 

STATE  TOTAL:  4,676,603 

SHARE  OF  THE  IMPACT  AREA:  38%(y30A) 

SHARE  OF  THE  REST  OF  AREA:  62%(y30B) 

SOURCE:  Bureau  for  Economic  Research,  University  of 

Oklahoma,  County  Personal  Income  in  Oklahoma, 
1960-1970  Table  B-l , 1973. 
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APPENDIX  C 


Estimates  of  Share  of  Substates 1 
Personal  Income  Attributable 
to  Federal  Employees  (Civilian  & Military) 
Within  and  Outside  of  the  Impact  Area  in  the 
States  of  Arkansas  and  Oklahoma  Respectively 


UNIT:  $1  Million  (1962) 


fi28A  (S^86;  Share  of  Substate's  A&B,  Arkansas 
fiSOA  6888;  Share  of  Substate's  A&B,  Oklahoma 


APPENDIX  C-l 
Sta te  of  Arkansa s 


QBE 

County 

QBE 

County 

117 

Arkansas 

88.1 

117 

Pike 

68.8 

117 

Clark 

92.0 

117 

Pope 

173.7 

117 

Cleburne 

71.1 

117 

Prairie 

41.6 

117 

Cleveland 

24.2 

117 

Pulaski 

5111.6 

117 

Conway 

72.9 

117 

Saline 

89.3 

117 

Faul kner 

103.2 

117 

Sharp 

32.0 

117 

Fulton 

47.3 

117 

Stone 

62.4 

117 

Garland 

219.1 

117 

Van  Buren 

45.8 

117 

Grant 

36.3 

117 

White 

125.1 

117 

Hot  Spring 

62.2 

117 

Woodruff 

49.4 

117 

Independence 

101.7 

118 

Crawford 

79.7 

117 

Izard 

36.7 

118 

Frankl in 

52.7 

117 

Jackson 

63.0 

118 

Logan 

111.7 

117 

Jefferson 

894.8 

118 

Polk 

64.8 

117 

Johnson 

70.3 

118 

Scott 

52.8 

117 

Lincoln 

31.4 

118 

Sebastian 

4475.0 

117 

Lonoke 

143.7 

118 

Yell 

120.8 

117 

Monroe 

49.9 

119 

Benton 

168.6 

117 

Montgomery 

63.7 

119 

Madison 

53.3 

117 

Perry 

50.4 

119 

Washington 

475.2 

SUM  OF  THE  IMPACT  AREA:  13,776.3 

STATE  TOTAL:  18,059.6 

SHARE  OF  IMPACT  AREA:  (628A)767o 

SHARE  OF  THE  REST  OF  AREA  (628B)24% 

SOURCE:  Printout  from  the  Bureau  of  Economic  Analysis,  United 

States  Department  of  Commerce 
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APPENDIX  C-2 
Stale  of  Oklahoma 


QBE 

County 

118 

Has  kt:  1 1 

92.7 

118 

Latimer 

42.2 

118 

Le  Flore 

267.2 

118 

Pittsburg 

674.9 

118 

Pushmataha 

49.6 

118 

Sequoyah 

55.1 

119 

Adair 

47.1 

119 

Cherokee 

145.5 

119 

Creek 

113.3 

119 

Delaware 

284.6 

119 

Kay 

259.7 

119 

McIntosh 

109.0 

119 

Mayes 

88.1 

119 

Muskogee 

903.1 

119 

Nowata 

48.0 

119 

Okmulgee 

172.4 

119 

Osage 

146.5 

119 

Pawnee 

87.1 

119 

Payne 

420.5 

119 

Rogers 

132.5 

119 

Tulsa 

2,704.8 

119 

Wagoner 

53.2 

119 

Washington 

260.7 

SUM  OF  IMPACT  AREA:  7,157.8 

STATE  TOTAL:  44,127.2 

SHARE  OF  IMPACT  AREA:  16%(630A) 

SHARE  OF  THE  REST  OF  AREA:  847»(630B) 

SOURCE:  Printout  from  the  Bureau  of  Economic  Analysis, 

United  States  Department  of  Commerce. 
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APPENDIX  D 


Estimates  of  Share  of  Substates 1 State  & Local 
Government  Expenditures  Within  and  Outside 
of  the  Impact  Area  in  the  States 
of  Arkansas  and  Oklahoma  Respectively 


<f>28A»  4>28B:  Share  of  substate's  A&B,  Arkansas 
4*3 OA,  Share  of  substate's  A&B,  Oklahoma 


117 

Arkansas 

3,538 

117 

Pike 

786 

117 

Clark 

2,196 

117 

Pope 

1,756 

117 

Cleburne 

1,078 

117 

Prairie 

1,066 

117 

Cleveland 

584 

117 

Pulaski 

34,892 

117 

Conway 

1,336 

117 

Saline 

2,888 

117 

Faulkner 

2,592 

117 

Sharp 

649 

117 

Ful ton 

901 

117 

Stone 

545 

117 

Garland 

5,728 

117 

Van  Buren 

751 

117 

Grant 

892 

117 

White 

3,239 

117 

Hot  Spring 

2,594 

117 

Woodruff 

1,528 

117 

Independence 

1,563 

118 

Crawford 

2,044 

117 

Izard 

553 

118 

Frankl in 

1,037 

117 

Jackson 

2,577 

118 

Logan 

1,432 

117 

Jefferson 

7,546 

118 

Polk 

1,354 

117 

Johnson 

989 

118 

Scott 

893 

117 

Lincoln 

1,065 

118 

Sebastian 

6,977 

117 

Lonoke 

2,196 

113 

Yell 

1,247 

117 

Monroe 

1,403 

119 

Benton 

4,001 

117 

Montgomery 

605 

119 

Madison 

673 

117 

Perry 

590 

119 

Washington 

7,521 

SUM  OF  IMPACT  AREA:  115,805 

STATE  TOTAL:  198,693 

SHARE  OF  IMPACT  AREA:  58%(4>28A) 

SHARE  OF  REST  OF  AREA:  42%(<p28B) 

SOURCE:  Bureau  of  Census,  United  States  Department 

of  Commerce,  Census  of  Government  1962 
Government  in  Arkansas,  Vol . IV  and  VII. 
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APPENDIX  D-2 
State  of  Oklahoma 
(Unit:  $1,000)(1962) 


QBE 

County 

118 

Haskell 

1,208 

118 

Latimer 

1,084 

118 

Le  Flore 

3,652 

118 

Pittsburg 

4,184 

118 

Pushmataha 

1,536 

118 

Sequoyah 

2,422 

119 

Adair 

1,616 

119 

Cherokee 

2,152 

119 

Creek 

5,296 

119 

Delaware 

1,691 

119 

Kay 

8,255 

119 

McIntosh 

1,731 

119 

Mayes 

3,029 

119 

Muskogee 

8,442 

119 

Nowata 

1,442 

119 

Okmulgee 

4,797 

119 

Osage 

4,824 

119 

Pawnee 

1,662 

119 

Payne 

5,013 

119 

Rogers 

3,096 

119 

Tulsa 

55,990 

119 

Wagoner 

1,790 

119 

Washington 

6,872 

SUM  OF 

' IMPACT  AREA:  131,784 

STATE 

TOTAL:  353,998 

SHARE 

OF 

IMPACT  AREA: 

37%  ( <p30A ) 

SHARE  OF 

REST  OF  AREA: 

63%(03OB) 

SOURCE:  Bureau  of  Census,  United  States  Department  of 

Commerce,  Census  of  Government  1962  Government 
in  Oklahoma,  Vol ■ IV  and  VII. 
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APPENDIX  E 


Shares  of  State  Total  Receipts  by  Industry 
and  Substates  Within  and  Outside  of  the  Impact  Region 
in  the  State  of  Arkansas  and  Oklahoma 


irP\  Subrtate's  A&B  in  Arkansas 

Substate's  A&B  in  Oklahoma 

i = 1 79 


r 

* 


APPENDIX  E 


- 

Shares  of  State's 
and  Substates  Within 
Region  in  the  States 

Industry 

Total  Receipts  by  Industry 
and  Outside  of  the  Impact 
of  Arkansas  and  Oklahoma* 

ARKANSAS  (28)  OKLAHOMA  (30) 

28A**  28B  30A  30B 

71  i ^i  "i  11  i 

1. 

Livstk  & Livstk  Prod 

.6832 

.3168 

.4652 

.5348 

2. 

Oth  Agr  Prod 

.6189 

.3811 

.5283 

.4717 

3. 

Forsty  & Fish  Prod 

.5024 

.4976 

.3959 

.6041 

4. 

Agr  Forsty  & Fish  Svcs 

.4991 

.5009 

.1939 

.8061 

i 

5. 

Iron  & Feroaly  Ores  Min 

.7705 

.2295 

.8515 

.1485 

k 

6. 

Non-Ferr  Metl  Ores  Min 

.8655 

.1345 

.6111 

.3889 

/ 

7. 

Coal  Mining 

.6001 

.3999 

.4844 

.5156 

i 

8. 

Crude  Pet  & Nat 1 1 Gas 

.1544 

.8456 

.6738 

.3262 

9. 

Stone  & Clay  Min  & Quaryng 

.5692 

.4308 

.4205 

.5795 

* 

10. 

Chem  & Fert  Minrl  Min 

.6000 

.4000 

.4411 

.5589 

11. 

New  Construction 

.6420 

.3580 

.3806 

.6194 

12. 

Main  & Repr  Construct 

.5806 

.4194 

.3734 

.6266 

13. 

Ordnance  & Accessories 

.7453 

.2547 

.1888 

.8112 

14. 

Food  & Kindred  Products 

.6919 

.3081 

.3954 

.6046 

f 

15. 

Tobacco  Manufactures 

.6409 

.3591 

.3804 

.6196 

16. 

Brd  & Nrw,  Yrn  & Thra  Mills 

.5382 

.4618 

.3076 

.6924 

i 

17. 

Mi  sc  Textl  Gds  & Fir  Cov 

.4942 

.5058 

.2716 

.7284 

n 

18. 

Apparel 

.6316 

.3684 

.3696 

.6304 

i; 

19. 

Misc  Fab  Text  Prod 

.6398 

.3602 

.3981 

.6019 

r 

20. 

Lumber  & Wood  Prod 

.5303 

.4697 

.3492 

.65 08 

21. 

Wooden  Containers 

.5306 

.4694 

.4166 

.5834 

22. 

Household  Furniture 

.7195 

.2805 

.3704 

.6296 

23. 

Oth  Furn  & Fixtures 

.6453 

.3547 

.4025 

.5975 

24. 

Paper  & A1 1 ied  Prod 

.6267 

.3733 

.4173 

.5827 

25. 

Paperbrd  Cont  & Boxes 

.6464 

.3536 

.4474 

.5526 

i 

26. 

Printing  & Publishing 

.7197 

.2803 

.3791 

.6209 

27. 

Chemicals  & Products 

.5279 

.4721 

.4459 

.5541 

j 

28. 

Plastics  & Syn  Matls 

.4875 

.5125 

.2117 

.7883 

% 

29. 

Drgs,  Clean  & Tlet  Prep 

.6517 

.3483 

.3900 

.6100 

J| 

30. 

Paints  & All  Prod 

.6475 

.3525 

.4350 

.5650 

ft 

31. 

Petroleum  Industries 

.5240 

.4760 

.4756. 

.5244 

V 

32. 

Rubber  & Plastics  Prod 

.6633 

.3367 

.3511 

.6489 

33. 

Leather  Prod 

.4533 

.5467 

.4401 

.5599 

f 

34. 

Footwr  & Oth'Leath  Prod 

.6179 

.3821 

.3828 

.6172 

> 

35. 

Glass  & Glass  Prod 

.7512 

.2488 

.5206 

.4794 

36. 

Stone  & Clay  Prod 

.7028 

.2972 

.3674 

.6326 

37. 

Prim  Iron  & Steel  Mfg 

.7268 

.2732 

.4920 

.5080 

38. 

Prim  Non-Fer  Metl  Mfg 

.7973 

.2027 

.6286 

.3714 
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ARKANSAS  (28)  OKLAHOMA  (30) 

28A**  28B  30A  30B 


Industry 

11  i 

*1 

*i 

- 11  i 

39. 

Metal  Container 

.7241 

.2759 

.4537 

.5463 

40. 

Heat,  Plumb  & Fabricat 
Metal  Prod 

.7391 

.2609 

.3931 

.6069 

41. 

Screw  Mach  Prod,  bolt, 
nuts,  etc. 

.7801 

.2199 

.4104 

.5896 

42. 

Oth  Fabric  Metl  Prod 

.6580 

.3420 

.4271 

.5729 

43. 

Eng  & Turb 

.6870 

.3130 

.4056 

.5944 

44. 

Farm  Mach  & Equip 

.6053 

.3947 

.3744 

.6256 

45. 

Constr,  Min,  Oil  Field 
Mach  & Equip 

.6732 

.3268 

.4341 

.5659 

46. 

Mat  Hand  Mach  & Equip 

.5668 

.4332 

.3991 

.6009 

47. 

Metl  Work  Mach  & Equip 

.6837 

.3163 

.4673 

.5327 

48'. 

Spec  Ind'  ->t  Mach  £.  Equip 

.6231 

.3769 

.3965 

.6035 

49. 

Gen  Indust  Mach  & Equip 

.6787 

.3213 

.5149 

.4851 

50. 

Mach  Shop  Prod 

.7823 

.2177 

. 51 55 

.4845 

51. 

Ofc  Comput  & Acctq 

.7149 

.2851 

.3798 

.6202 

52. 

Svc  Indust  Mach 

.7510 

.2490 

.3616 

.6384 

53. 

Elect  Transmis  & Distr  Equip 
& Elect  Indust  Apparatus 

.6864 

.3136 

.4136 

.5864 

54. 

Household  Appliances 

.7996 

.2004 

.3796 

.6204 

55. 

Elect  Light  & Wir 

.7444 

.2556 

.3435 

.6565 

56. 

Radio,  TV  & Comm  Equip 

.7461 

.2539 

.2597 

.7403 

57. 

Elec  Compon  & Access 

.9265 

.0735 

.1895 

.8105 

58. 

Misc  E’ act  Mach  Equip  & Supp 

.6916 

.3184 

.3563 

.6437 

59. 

Motr  Veh  & Equip 

.6471 

.3529 

.3640 

.6360 

60. 

Aircraft  & Parts 

.6623 

.3377 

.4010 

.5990 

61. 

Oth  Transp  Equip 

.6887 

.3113 

.3883 

.6117 

62. 

Prof,  Scientif  & Control 
Instru  & Supp 

.8531 

.1469 

.4525 

.5475 

63. 

Opt,  Ophth  & Photo  Equip 
& Supp 

.7044 

.2956 

.3951 

.6049 

64. 

Misc  Manufacturing 

.6865 

.3135 

.3949 

.6051 

65. 

Transport  & Warehousing 

.6445 

.3555 

.4084 

.5916 

66. 

Comm  Excpt  Radio  & TV  Bdcsting 

.6641 

.3359 

.3902 

.6098 

67. 

Radio  & TV  Broadcasting 

.7384 

.2616 

.4293 

.5707 

68. 

Elect,  Gas,  Water  & Sanit  Svcs 

.6219 

.3781 

.4103 

.5897 

69. 

Wholesale  & Ret  Trade 

.6476 

.3524 

.3860 

.6140 

70. 

Finance  & Insurance 

.6517 

.3483 

.3926 

.6074 

71. 

Real  Estate  S Rental 

.6304 

.3696 

.3552 

.6*48 

APPENDIX  E Continued 


ARKANSAS  (28)  OKLAHOMA  (30) 


1 

Industry 

1t28A** 

i 

tt28B 

tt30A 

i 

tt^OB 

1 

72. 

Hotls  & Lodg  Places;  pers  & 
repr  svcs,  excpt  auto  repr 

.6458 

.3542 

.3713 

.6287 

73. 

Business  Services 

.6740 

.3260 

.3677 

.6323 

74. 

Research  & Develop*** 

.5000 

.5000 

.5000 

.5000 

75. 

Auto  Repair  & Services 

.6466 

.3534 

.3799 

.6201 

, 

76. 

Amusements 

.6658 

.3342 

.3705 

.6295 

*. 

77. 

Med  Educ  Svcs  & Non-Profit 

.4649 

.5351 

.3312 

.6688 

* 

Organizations 

y 

78. 

Fed  Govt  Enterprises 

.6205 

.3795 

.3352 

.6648 

79. 

State  & Loc  Govt  Enterprise 

.6565 

.3435 

.3867 

.6133 

Footnotes: 

* Substate  shares  of  total  state  receipts  are  derived  by  estimating 
each  substate  share  of  intermediate  demand  and  each  component  of  final 
, demand  of  that  state.  Substate  share  of  intermediate  demand  is  estimated 

by  substate  share  of  total  state  output  by  industry  and  substate  share  of 
each  final  demand  component  is  derived  by  various  census  data. 

i 

**  Represents  substate  share  of  demand  for  each  industry  product  for 
f>  that  state.  Superscript  28  and  30  represent  the  states  of  Arkansas  and 

Oklahoma  respectively.  A and  B represent  substate  within  and  outside  of 
the  impact  region  respectively. 

***  Output  of  industry  74  is  zero.  In  order  to  insure  mathematical 
operation  is  replaced  by  0.5000  for  each  substate. 


j 
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Classification  of  States 
for 

The  MRIO  and  IRIO 


Appendix  F-l  States  for  the  MR10  & IRIO 


i 

i 

t 


A 


State  No 

State  (Abbrevia 

tion) 

MRIO  Req  No 

IRIO  Req  No 

1 

Alabama 

AL 

26 

4 (R) 

2 

Ari zona 

AR 

37 

4 

3 

Arkansas 

AR 

28 

1&2  (ISS) 

4 

Cal ifornia 

CA 

42 

4 

5 

Colorado 

CO 

35 

4 

6 

Connecticut 

CT 

3 

4 

7 

Delaware 

DE 

16 

4 

8 

D.C. 

DC 

17 

4 

9 

Florida 

FL 

23 

4 

10 

Georgia 

GA 

22 

4 

11 

Idaho 

ID 

33 

4 

12 

Illinois 

IL 

7 

4 

13 

Indiana 

IN 

7 

4 

14 

Iowa 

IA 

10 

4 

15 

Kansas 

KS 

15 

3 (N) 

16 

Kentucky 

KY 

24 

4 

17 

Louisiana 

LA 

29 

2 

18 

Maine 

ME 

1 

4 

19 

Maryland 

MD 

16 

4 

20 

Massachusetts 

MA 

3 

4 

21 

Michigan 

MI 

6 

4 

22 

Minnesota 

MN 

9 

4 

23 

Mississippi 

MS 

27 

4 

24 

Missouri 

MO 

11 

3 (N) 

25 

Montana 

MT 

32 

4 

26 

Nebraska 

NE 

14 

4 

27 

Nevada 

NV 

39 

4 

28 

New  Hampshire 

NH 

3 

4 

29 

New  Jersey 

NJ 

5 

4 

30 

New  Mexico 

NM 

36 

4 

31 

New  York 

NY 

4 

4 

32 

North  Carolina 

NC 

20 

4 

33 

North  Dakota 

ND 

12 

4 

34 

Ohio 

OH 

6 

4 

35 

Oklahoma 

OK 

30 

1&2  ( I&S) 

36 

Oregon 

OR 

41 

4 

37 

Pennsylvania 

PA 

5 

4 

38 

Phode  Island 

RI 

3 

4 

39 

South  Carolina 

SC 

21 

4 

40 

South  Dakota 

SD 

13 

4 

41 

Tennessee 

TN 

25 

4 

42 

Texas 

TX 

30 

2 (S) 

43 

Utah 

UT 

38 

4 

44 

Vermont 

VT 

2 

4 

45 

Virginia 

V A 

18 

4 

46 

Washington 

WA 

40 

4 

47 

West  Virginia 

WV 

19 

4 

48 

Wisconsin 

WI 

8 

4 

49 

Wyoming 

WY 

34 

4 

50 

Alaska 

AK 

43 

4 

51 

Hawa i i 

HI 

44 

4 
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Appendix  F-2  Modified  MRIO  Regions  for  States  and  I R I 0 Region 


i 


i 


Modified  MRIO 

Region  No  Constituent  State(s)  and  No. 


I R I 0 Region  No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 
28A 
28B 

29 

30 
30A 
30B 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 


Maine(18) 

Vermont(44) 

Connc  cticut(6) , Massachusetts (20) 
New  Hampshi re(28) , Rhode  Island(38) 
New  York(31 ) 

New  Jersey(29) , Pennsylvania(37) 

Mi  chi  gan  (21 ) , 0hio(.34) 

111 i nois (12),  Indiana(13) 
Wisconsin(8) 

Minesota(22) 

Iowa(L4) 

Missouri (24) 

North  Qakota(33) 

South  Dakota (40) 

Nebraska(26) 

Kansas(15) 

Delaware(7),  Maryland(19) 

District  of  Columbia(8) 

Virginia(45) 

West  Virgir.ia(47) 

North  Carol ina(32) 

South  Carolina(39) 

Georgia(lO) 

Florida(9) 

Kentucky(16) 

Tennessee(41 ) 

Alabama (1 ) 

Mississippi (23) 

Arkansas(3) 

Part  of  Arkansas(3A) 

Part  of  Arkansas(3B) 

Louisians(17) 

Oklahoma (35) 

Part  of  0klahoma(35A) 

Part  of  0klahoma(35B) 

Texas(42) 

Montana(25) 

Idaho (11 ) 

Wyoming (49) 

Colorado(5) 

New  Mexico (30) 

Ari zona (2) 

Utah(43) 

Nevada(37) 

Washington(46) 

0regon(36) 

Cal ifornia(4) 

Alaska(50) 

Hawai i (51 ) 


4 (R) 

II 

ll 

II 

II 

ll 

ll 

II 

II 

II 

II 

3 (N) 

4 

II 

II 

3 

4 

II 

II 

11 

II 

II 

II 


II 


1 &2 

1 

2 

II 


18,2 

1 

2 


4 

II 

II 


II 

II 


II 

II 

II 


II 

II 

II 


A-59 


APPENDIX  B 

WATER  RESOURCE  PROJECTS  GENERATING 
BASIC  COST  DATA 


Appendix  B 


WATER  RESOURCE  PROJECTS  GENERATING 
BASIC  COST  DATA 


The  data  analyzed  in  this  study  refer  to  the  following  twel ve  types  of 
public  development  projects,  for  which  the  names  and  locations  of 
individual  projects  are  listed. 


LARGE  EARTH  FILL  DAMS 
Painted  Rock  Dam 


Arizona 


SMALL  EARTH  FILL  DAMS 
Buckhorn  Reservoir 
Dillon  Reservoir  (clearing) 
Mansfield  Reservoir 


Kentucky 

Ohio 

Indiana 


LOCAL  FLOOD  PROTECTION 

Big  Dalton  Wash  Channel 
Cape  Girardeau 

Woonsocket,  Blackstone  River 


California 
Missouri 
Rhode  Island 


PILE  DIKES 

Ackley  Bend  to  Leavenworth  Reach,  Kansas 

Missouri  River 

Ashport-Goldust,  Mississippi  River  Arkansas 

Miami  to  Glasgow  Bend,  Missouri  Missouri 

River 

Near  Bigelow,  Arkansas  River  Arkansas 

Bend,  Missouri  River  Missouri 


LEVEES 

Elk  Chute  Drainage  District 
Lake  Ponchartrain 
Near  Muscatine,  Mississippi  River 
Old  Lake 

Ripley,  Mississippi  River 
Sant;  Maria  Valley  and  Bradford 
Canyon 
Yazoo  River 


Missouri 

Louisiana 

Iowa 

Louisiana 

Tennessee 

California 

Mississippi 


REVETMENTS 

Arkansas  River  Revetment 
Bank  Paving,  Mississippi  River 


Board  Revetment,  Red  River 
Cessions  to  Kempe  Bend, 
Mississippi  River 
Sacramento  River  Bank  Protection 


Arkansas 

Missouri,  Tennessee 
Arkansas , 

Mississippi 

Louisiana 

Mississippi,  Arkansas, 
Louisiana 
Cal i fornia 
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Appendix  B (Continued) 


POWERHOUSE  CONSTRUCTION 

Beaver  Dam  Powerhouse  Arkansas 

MEDIUM  CONCRETE  DAMS 

Beaver  Dam  and  Reservoir  Arkansas 

LOCK  AND  CONCRETE  DAMS 

Columbia  Lock  and  Dam  Alabama 


LARGE  MULTIPLE-PURPOSE  PROJECTS 

Glen  Canyon  Dam  and  Powerhouse 


Arizona 


DREDGING 

Anacostia  River 

Atlantic  Intra-Coastal  Waterway, 

Port  Royal  Sound 
Bronx  River 
Brunswick  Harbor 
Calumet-Sag  Channel 
Columbia  River  between  Bonneville 
and  Vancouver 
Duxburg  Harbor 

Gulf  Intra-coastal  Waterway,  Freeport 
Intra-Coastal  Waterway, 

Caloosahatchie  River  to  Anclote  River 
Manteo  to  Oregon  Inlet 
Matagorda  Channel,  Point  Lavaca 
New  York  Harbor 
Philadelphia,  Delaware  River 
Sabine-Neches  Waterway 


District  of  Columbia 
South  Carolina 

New  York 
Georgia 
111 inois 

Washington,  Oregon 

Texas 

Texas 

Florida 

North  Carolina 

Texas 

New  York 

Pennsylvania 

Texas 


MISCELLANEOUS 

Bayou  Macon  Channel  Improvement 
Jetties,  Gold  Beach 
Outlet  Channel,  Sardis  Dam 
Sea  Wall  Extension,  Galveston 


Louisiana 

Oregon 

Mississippi 

Texas 


Sources: 

Robert  H.  Haveman  and  John  V.  Krutilla.  Unemployment,  Idle 
Capacity,  and  the  Evaluation  of  Public  Expenditures:  National  and 

Regional  Analysis.  Baltimore:  The  Johns  Hopkins  Press,  1968, 

Appendix  2,  pp.  100-101. 
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COMPUTER  PROGRAMS 
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Table  of  Contents 


I.  Introduction 

II.  Computer  Programs 

A.  80  Sector  Model 

SUBIO  Substate  I/O  Tables 

REGIO  Regional  I/O  Tables 

AHAT  Technical  Coefficients 

TRADE  Trade  Flows  and  tt 

GETC  Trade  Coefficients 

PNCHTP  Card  Punch  for  A and  T Coefficients 

BKYTAP  A Coefficients  on  a Tape 

BKYTPC  T Coefficients  on  a Tape 

DRINVT  Inverse  Matrix 

FINAL  Regional  Final  Demands  and  Outputs 
FEEP  Print-out  of  the  Inverse  Matrix 

B.  10  Sector  Model 

AGGREG  Aggregation  of  Regional  I/O  Tables 
TRAAGG  Aggregation  of  Trade  Flows 
SENFIN  Analysis  of  the  10  Sector  Model 

III.  Appendices 

A.  Tape  Operation  for  UNIVAC  1108 

B.  Inverse  Matrix  and  its  Submatrices 


Computer  Programs  and  Data 


I . Introduction 

In  the  course  of  the  study  of  the  inter-regional  input-output  models 
(80  and  10  sector  models),  the  data  sets  of  the  MRIO  model^  were  used 
as  basic  data  in  order  to  get  technical  coefficients  and  column  trade 
coefficients.  All  programs  were  written  in  FORTRAN  IV  and  three 
different  computers  were  used  due  to  the  core  size  and  convenience. 
Programs  AHAT  and  GETC  were  introduced  in  the  MRIO  operating  package 
and  have  been  slightly  modified  here.  Subroutine  INVERT  is  also 

• 

2 

adapted  from  the  BMD  program.  The  rest  of  the  programs  were  created 
for  the  I RIO  models. 

In  order  to  obtain  the  regional  final  demand  sectors  and  regional 
outputs  of  the  80  sector  model,  two  computers,  UNIVAC  1108  and  CDC  7600, 
were  used.  Technical  coefficients  and  trade  coefficients  were  computed 
by  UNIVAC  1108  but  the  matrix  inversion  and  output  computations  were 
carried  out  by  CDC  7600  because  CDC  7600  had  a sufficiently  larger 
core  memory  than  the  UNIVAC  system  and  could  handle  the  direct  matrix 
inversion  of  a 320x320  matrix. 

To  prevent  system  problems  in  transferring  data  on  the  tape  from 
one  system  to  another  system,  technical  coefficients  and  column  trade 

^Albert  J.  Waldenhaug,  Raymond  C.  Rodgers,  and  Howard  L.  Schreier 
"Implementation  and  Evaluation  of  the  Mul tiregional  Input-Output  Model 
of  the  United  States."  U.S.  Department  of  Commerce,  Washington,  D.C. 
August  1972. 

2 

W.  J.  Dixon,  Editor.  "BMD  Biomedical  Computer  Programs." 
University  of  California  Press. 
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coefficients  were  punched  on  cards  from  the  UNIVAC  system  and  fed  into 
the  CDC  system.  Flow  charts  for  the  operating  procedures  using  both 
systems  are  shown  in  Figures  1 and  2.  Data  sets  on  tapes  and  cards 
are  tabulated  on  Tables  I and  II.  Figures  3 and  4 show  the  flow  charts 
for  operating  procedures  using  UNIVAC  1108  and  IBM  3/360.  There  was 
no  particular  reason  for  switching  UNIVAC  to  IBM  to  execute  the  program 
SlNFIN,  except  for  convenience  of  computer  use.  There  were  two  computer 
programmers  involved  in  the  computer  programming.  One  of  the  programmers 
was  responsible  for  writing  the  source  programs  and  the  other  was 
responsible  for  the  system  analyzing  and  modification  of  programs 
whenever  needed  for  ■‘‘he  specific  computer.  It  should  be  noticed  that 
subroutine,  NTRAN,  is  a subroutine  in  the  UNIVAC  system  for  tape 
handling  (see  Appendix  A for  details).  This  subroutine  can  be  replaced 
by  ordinary  statements  like  WRITE,  READ,  and  REWIND.  In  programs, 
requesting  a large  core  memory  in  the  CDC  system,  LARGE  is  used  instead 
of  the  DIMENSION  statement.  Program,  FINAL,  may  be  modified  without 
great  difficulty  to  reduce  the  core  storage  requirement  by  partitioning 
the  matrix.  The  inverse  matrix  is  already  partitioned  into  4 rowsx4 
columns  sub-matrices  as  shown  in  Appendix  B.  Computer  programs  are 
arranged  in  order  following  the  job  steps.  Subprograms  for  the  print- 
out of  the  matrices  are  quite  similar  to  each  other,  but  are  retained 
as  are. 
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Figure  1 

Flowchart  for  Operating  Procedures 
Using  UNIVAC  1108  Computer  for  80  Sector  Model 
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Figure  2 

Flowchart  for  Operating  Procedures 
Using  CDC7600  Computer  for  80  Sector  Model 


C-6 

J.. 

A 


i 


ABLE  I 


*Sum  indicates  the  row  sums  and  the  column  sums  of  the  tables. 


Data  Sets  on  Cards 


Data  Set 

Call i nr  Program 

Computer*  Format 

Substate  shares  of  state  total  receipts 
(ct) 

SUBIO(MAIN) 

UNIVAC 

14F5.0 

Substate  shares  of  state  total  receipts 
(3  ,Y,<S  ,4>) 

SUBIO(MAIN) 

UNIVAC 

4F10.0 

Substate  shares  of  state  total  receipts 
(a) 

TRADE (MAIN) 

UNIVAC 

14F5.2 

Household  sectors  (80  sector  model) 

DRINVT(MAIN) 

CDC 

4F10.6 

Household  sectors  (10  sector  model) 

SENFIN(MAIN) 

IBM 

8F10.6 

National  final  demands  in  1958 

FINAL (DEMAND) 

CDC 

I10.7F10.2/ 

(5F10.2) 

SENFIN(DEMAND) 

IBM 

110, 7F1 0 . 2/ 
(5F10.2) 

Deflator 

FINAL (DEMAND) 

CDC 

5(15, F15. 2) 

SENFIN(DEMAND) 

IBM 

15, FI  5. 2 

Ratio  of  contract  cost  to  project  cost 

FINAL (CONTRC) 

CDC 

4F10.5 

SENFIN(CONTRC) 

IBM 

4F10.5 

Contract  cost  and  project  cost 

FINAL (CONTRC) 

CDC 

5F15.4 

SENFIN(CONTRC) 

IBM 

5F15.4 

*UNIVAC:  UN  I VAC  1108,  CDC:  CDC7600-. 


IBM:  IBM  S/360 


10  Sector  I/O 


10  Sector  Trade 
Flow 

3- 

SENFIN 

National  Final 
Demands 


Deflators 


Regional  Final  Demands, 
Multipliers  and  Output 
Tables 


Project  and 
Contract  Costs 


Ratio  of  Contract 
to  Project  Costs 


Figure  4 

Flowchart  for  Operating  Procedures 
Using  IBM  S/360  Computer  for  10  Sector  Model 


II.  Computer  Programs 
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» 

? 
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A.  80  Sector  Model 
SUBIO 


This  program  disaggregates  the  state  input-output  tables  to  make  the 
substate  input-output  tables  in  1963. 

Data  Files: 


Data  Set  Name 

Logical  Unit 

Type 

Description 

DATA1 

8 

input 

MRIO  data  set  1 . 

State  final  demand  components 

DATA2 

9 

input 

MRIO  data  set  4. 

51  state  input-output  tables. 

DATA3 

7 

output 

Substate  input-output  tables. 

Input  Data  Cards 

a)  Substate  shares  of  state  total  receipts 

b)  Title  cards  for  labeling  the  tape  in  alphanumeric  mode. 

c)  Control  cards 

NSUB:  The  state  number  for  the  state  which  is  divided  into 

two  sections. 

In  our  case, 

NSUB=3  for  Arkansas  and  35  for  Oklahoma  state. 
ID  = 0 for  one  section  of  a state  (A  section) 

= 1 for  the  other  section  of  a state  (B  section) 


s: 


C-ll 


•FOR. IS  SuBjn.SUBIO 
C*****SUUI0 

C TO  make  SUPSTaU  10  T * RUE  S 

C 7)  OUTPUT  FILE  = 0 A T A 3 

C P)  Input  nut  = data?  data  SET  u OF  m«io 

C 9}  INPUT  HUE  = DATAl  DATA  S' T 1 OF  mRIO 

c 

c 

DIMENSION  UBC20) 

Common  /P/Z(6u.B<i).aLPha179).BETA, DELTA. Gamma, PMI/0/IO.NSuR 
DATA  NPtNC»UAd/a«»84*20/«NlND/79/ 

C 

c READ  input  Data  cards 

c 

1 RE AO(S. lOOJNSUBt 10 
!► (NSun.EU.O)STOP 
RE ADC5.200) ( ‘UPhac J) . J=1 tNIND) 

READCS.300)«ETA, DELTA, GAMMA. PH I 
RUAD(5*«00 ) (UbCM i*=l * 12) 

C 

C CAUL  IOSUB  N 

CAUL  IOSUB 

c 

C WRITE  OUTPUT 

c 

CAUL  NTRAn(7.1«L*B«LB*L'T*22) 

CALL  MT0AN(7t 1 »nR*nC, Z,L*Y.22) 

CAUL  PRINT(Z.LB) 

100  F0RMATf2IS) 

200  FO«mat(iuf5.0) 

300  format ;oF!5,0) 

POO  Format ( J2A6)  ‘ 

GO  TO  1 
END 

•for. is  iosob, iosub 
C»***« SUBROUTINE  IOSUB 

C 6)  INPUT  FILL  s DATA2  OATA  SET  9 OF  MRJ0 

C T 

subroutine  iosub 

DOUBLE  PRECISION  F DX { 79 ) . DZSUM ( 6« 5 . DZ ( SC • B« ) 

DIMENSION  IBT20) »T(P0*Pr) «CUf F(79) 

Common  /P/Z CPU tbUl.ALPMAt 79). BET  A, DELTA i GAMMA.PMI/Q/ID.NSUB 
DATA  NR,NC.LAH/BU»d<i.20/»NlND/79/ 

NCl  = \'C*l 

c 

c read  input  file 

c 

call  nTRAN(8»  JO. 22) 

DU  10  Kelt  NSUB 

CALL  nTRAN(8.2.LAB, IB. lay. 22) 

CALL  NTRANte.2.NR*NC.Y,L*Y.22> 

10  CONTINUE 

c 

C WRITE  INPUT  FILE 

c 

WHITE (h.UOO) C I B C J) . J = 1 .20) 

WRITE (b.SOO)(J.Y(l.J).Jsl.NC) 

C INITIALIZATION 

00  15  1=1. nr 
DO  IS  J=1.NC 
15  ZCI.J)=0.0 
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o n o non  • o on  on  non  no  non 


c 

c 


COMPUTE  COtFUClLNTS 


00  20  I=1*NR 

no  an  jz  l iM^O 

CO  If  f JJ/100, 

IKli)1'.C,0)CUtMJ):|  .O.COtFlJ) 

ZtI.J)sv(I,J)*CC'EMJ) 

20  CONTINUE 

00  25  Js9l ,HS,2 

no  25  i = iiMN0 

25  ZCI. J)st(I.J)*C0f F(I) 


CALL  F0SU8 

CALL  FDSUB(FDX) 

DO  30  I=1.NIND 
30  2(1.623=f0XCZ) 

/ chance,  to  double  precision 

00  <10  Is  J * NR 
DO  U0  Js 1 * NC 
40  DZC 1 , J)=Z(  I » J) 

COLUMN  SUN 

DO  50  Is  1 » NR 
DZSum ( I ) =0 , 0 
DO  50  .Isl,NCl 
DZSu*'Cn=0ZSUM(l)+0Z(IiJ) 

50  CONTINUE 


DO  60  Is  1 • NR 
60  Z ( I « Bti ) s0ZSUH( I) 


CHANGE  TO  SINGLE  PRECISION 


WRITE  OUTPUT 

wRITE<6.«00)CIBCJ),J*l,20> 

NRITE(6«SO0)  CJiZU.J)  • JsltNCJ 


<100  FORMAT (20 A6) 

500  F0RMATC8CI5tFJ0,0)) 
RETURN 
END 

FOR,  IS  FOSUBtFOSUB  ... 
♦•♦••SUBROUTINE  E0SUB 

9)  I*PUT  FILE  = DATA) 


DATA  SET  1 OF  MRIO 


SUBROUTINE  FDSUBCEOJ 

DOUBLE  PRECISION  E D ( 79) , Y YD ( J 0 , 79) 

DIMENSION  Y(5J»e«*),IHC20).CUlF  C79),YY(jo#79} 

CO**pOn  /P/Zlfl«,PU),ALRRA(79),bETA,DELTA,r.AMMA,PHl/0/ID,NS. 

DATA  ME  HR  ,«S-<  IP,  NR,  NC*  NINO,  LAB/9, 12,53,88,79,20/ 


READ  INPUT  FILE 


CALL  NTRAN(V, 10,22) 

DO  10  ksI.mskIP 

IF(i.ah,nE  ,n>  Call  ntran(9,2,lab,IB,L*Y»22) 

Call  MRan(9,2,nR»nC«T,l*T,22) 

10  CONTINUE 


r 


i 


c 

c 

c 


00  20  KK=1.mEhR  j 

1 ► f IAr.nE  ,0)C*LL  <gTK*u(9*2.l*e«10,L*V,a2) 
CALL  nTra g(V. 2fwR*NC.T,L*Y,22) 


30 


CHECK  INPUT  FILL  BY  »P I T Inc 

•RITE(h.OOO) CIBCJJ .jej.20) 

WRITE  ( 6 ’ 5 0 0 ) (J»Y  (NClJBtJ)  t J s 1 » N C ) 

COHPiiTf  NF«  VALUtS  OF  COhPOnEn 

00  30  JsltNjNO 

IF  f KK.f  0, J)COtF( JJs&AHm A/100, 

IFC^K,EO.?.UR.KK.t,5.3)CUEF(J)sBtTA/I00. 

IF  (KK, EC. i4  ) Cut  F (J)  = ALPHA[J)/jOO. 

IF  tKK,EQ.5iOK,KK,Et;,f.,OR.NK.EU,7)COtF  ( J)sDFLTA/100» 

IF  (KK.Cu.e.OR.  Kk.E,J.9)COEF(J)  = PhI/10O. 
VYCNK,J)sY(NSUrt*J)*COfcF(J) 

IFCIU,nE.O)yYIM'..J)sYCnS>OU,JT»C1.-COEF(J)) 

CONTINUE 

-rite  (f..soohh.yy(K5,m)  .msj-,  jo) 


DO  440  Js  1 * N I NO 
<10  YYD(KK,  J)  = YY(KK,J) 
20  CONTINUE 


00  SC  Is  J » N JND 
FD(  IT sfi  ,0 
00  SO  KA-SJ  ,mEhR 
50  f D(i)cFD(I)+YYD(KK,I) 


CHANCE  TO  DOUBLE  PRECISION 


FINAL  DEMAND  VECTOR 


WRITE  OUTPUT 


WRITE (6«fr00) 

NRITE(6t700)(I»FD(I)*  IsI.NlND) 

C 

aoo  format f 2®  as) 

500  FORMAT(B(I5.ElO,an 

600  FO«mat(jmj ,5x1 'FINAL  DEhAnd  VECTOR*/) 
700  FOR‘ATfA(iS*D10,U)) 

RETuRn 

END 

• FORtlS  PR  I *iT  .PRINT 
C*****SUBROi'T  INF  PRINT 
C 

SUBROUTINE  PRINT(X.IB) 
dimension  x (eu»8«) t Ib(20) 

IS=1 

ISIs9 

N=ea 

nhAl  F sN/2 

NPLUSsNHALFAl 

M«9 

00  |0  KKs  I • N 
IT=IS*ISI 
IF (KK.EO.M) ITsN 
WRITE (6iS0) 
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“SHE  (6.100)(Ib(l).Isl*20) 

“RITf  f6,?'in)  CJ.I  = IS.I1) 

DO  20  Js 1 ,Mh*tE 

20  “RITM6t.T0P)JtCH(J.J)«IsIS.lT) 
“SITEf6*20PJ  C I • 1 = I S t IT ) 

“«ITF(6,S0) 

“Kllkfh. 1 On) ( IJS( I) , I s 1 ,20) 
“RITt(6.200KI«I  = IS.IT> 

00  JO  JsWPLUS.N 

30  “KITE (6i 500) J« (X(J«I)il3l3,IT) 
W*ITE(6t200)(l«IsiS*I1) 

I S = 1 T ♦ J 
10  CONTINUE 

50  FO«HiT(lHi,//iTH*NS*CTK)N  T*BtE»  /) 
100  F0RHTM*t20*<>> 

200  FO«f*Tf/  jOltl/  > 

300  FOkmat ( ISt 1 OF  1 1 (0) 

RETURN 

END 


. 

i 


REGIO 


This  program  aggregates  the  MRIO  state  input-output  tables  plus 
the  substate  input-output  tables  into  regional  input-output  tables. 


Data  Files: 


Data  Set  Name 

Loqical  Unit 

Type 

Description 

DATA? 

8 

input 

MRIO  data  set  4. 

51  state  I/O  tables 

DATA  3 

7 

input 

Substate  I/O  tables 

DATA4 

11 

output 

Regional  I/O  tables 

Input  Data  Cards: 

a)  Title  cards  for  labeling  the  tape. 

b)  Control  cards 

IREG:  The  identification  number  of  the  region. 

Last  card  of  the  deck  must  be  I REG=999  to  terminate 
the  processing. 

NSTATE:  State  identification  number.  If  NSTATE  is  1000,  the 

aggregation  is  terminated  for  a given  region.  Substate 
identification  number  should  be  greater  than  52. 
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non  o ci  non  r»or>or»ri 


PFOR.IS  HEGjn.'  tr.IO 
C*****KtGI0 

TO  hakE  REGIONAL  IP  TABLES 

7)  INPUT  F-ILE  s DATA)  OUTPUT  OP  SUBjO 

8 ) INPUT  PILE  = OAT*2  DATA  SET  u OF  *RIO 
IDUUTPUT  FILE3  DATA4 

DOUHLE  PRECISION  D V ( Bo » bu ) , D YS ( B4 « 64) 

01  HE  NS  I ON  In(20}.LB(?0),Y(84.8«> 

DATA  NR,NC,L*b/64.64,20/ 


read  Input  cards 

I READCN. 100) IREG 

REA0(s«  150 HLtf  C K ) ,Kri  ,12)- 
IFC  IREG.E0.9V9)  STOP 

INITIALIZATION 

DO  10  Is  1 »NR 
DO  10  Jsl»NC 
10  DYS(I,J)s0,0 

read  Input  Pitts 

15  READC5»!00)NSTATE 

It (NSTATE.FU.IOCO)GO  TO  05 
IFtNSTATE.Lt ,52}GQ  TO  16 
CALL  NTPANf 7. 10*?2) 

DO  25  KKsSJfNSTATE 
CALL  NTRAN(7«2iLAB.  IB, LAY, 22} 

CALL  nTRA\(7»2*n«*nc,Y,LAY,22) 

25  CONTINUE 
GO  TO  21 
16  CALL  NTWAN(b, 10,22) 

DO  20  KKsi ,N STATE 

CALL  NTRANf 8,2»LAB, 18, LAY, 22) 

CALL  NTHAN(6,2»NR*NC, Y, LAY, 22) 

20  CONTINUE 
C 

C HRITE  INPUT  PILE 

21  WRITE(6»300)N$TATE 
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noonn  n nor* 


WRITE (6.400) ( IB(J) .J=l .20) 
wKlTt  (6.5U0)  ( J.Y  Cl.J).  J = i»NC) 

AGGREGATION 


00  30  Is  1 # NR 
00  30  J=1»NC 
30  DY(I .J)sY(J.J) 

00  UQ  IsitNR 

00  (10  Jsl.NC 

4 0 DYS(I,J)=DVSCI.J)*DY(I.J) 

GO  TO  15 

45  00  50  1=1. NW 
00  50  Jsl.NC 
50  Y(I.Jl=0YS(I«J) 

RITE  OUTPUT  FILE 

CALL  KTRANfl 1 « 1 .LAB. LB. LAY. 22) 

CALL  NTRANU  1 . 1 ,nR*nC»Y.LAY»22) 

NRITE(6.1*0D3  ireg 

CALL  PR1NT(Y»L03 
100  FORMAT (15) 

150  FU«mat(12A6) 

300  FORMAT ( ] H] ( 5X i STATE  s'. 15/) 

400  FORhat(?OA#*) 

500  FCRMAT(8( 15.ElO.4J) 

600  F0RHATI5X. 'REGION  *'»  15/) 

GO  TO  1 
END 
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AHAT 


The  A-coefficients  (technical  coefficients)  are  calculated  from  the 
regional  I/O  tables  by  this  program. 

Data  Files: 


Data  Set  Name 

Logical  Unit 

IZE£ 

Description 

DATA4 

9 

input 

Regional  I/O  tables 

DATA5 

10 

output 

Technical  coefficients 

i 

1r 

Input  Data  Cards: 

No  card  is  needed.  But  the  size  of  the  structural  matrices,  the 
size  of  the  A coefficient  matrices,  and  the  number  of  the  regions 
should  be  stated  in  the  DATA  statement  of  the  main  program. 


■ i 

i. 

:;i 


w 


i 


— 

•FOh.TS  AhAT.amaT 

L This  program,  auai,  COMMUTES  and  OUTPUTS  T«;  OIRECT  COfTFlClENT5 

C FUR  EaC”  REGION  ( 8 u X 8«) 

C 9)  JNP'iT  MIL  = DATA9  OUTPUT  OP  REGIO 

C lOIOUTPUT  FILE*  DATAS 

C This  PROG-a"  HAS  cttN  GENERALIZED  SO  AS  TO  OPERATE  "ITH  ANy  SIZE  HC: 

C ThWtE  paR4“MI«S  aPL  NEEDED 

C P IRST*  THE  SIZE  OF  The  STRUCTURAL  MATRICES 
C SECOND  « The  SIZE  OE  The  a LOLFEICILNt  MATRICES 
c thii;d  - the  size  of  the  *uhper  oe  regions 

DOUBLE  PRECISION  a C P<i  » pu ) , aha T C 8u . 8« ) , SUMACC 
DIMENSION  B(8u.Bu).aS1ng(Bu.8<i) 

EQUIVALENCE  (d(  If  n .ASIN(.(1,1>) 

DATA  nrom»n«a,nhe G/BUi8<i*a/ 

MOs  6 

"RITE (MO. m3)nR0«.nra»NREG 
113  F hrkaj ( ] X • 31 9 ) 

CALL  mIEDEP  (,nROh,NRA,NREG,a,ahaT,SUMaCC.B.aS1nC) 

STOP 

END 

•FOR. IS  wiEnFR.-IEDER 

SUBROUTINE  hUCER  ( nHUh  • NK  A » NRE  G . A , AH  AT  . SUH  ACC  . B » ASING) 

c 

c 

c 

DOUBLE  PRECISION  a ( Btt . flu ) • ah at ( «u , pu ) , SUMACC 
Dimension  h(8«.bu).ASlNG(8<l.8«).lB(20) 

EQUIVALENCE  (B(I.I).ASInG(I.I)) 

DATA  EA6/20/ 


M0»6 

KUNSTaO 

NZEROsO 

NEGCOfsO 

DO  100  1REGS1.NPEC 

C READ  IN  Th£  INTERINDUSTRY  FLOh'S  AND  TRANSFER  TO  DOUBLE  PRECISION 
CALL  NTRAM9.2.LAB.  IRtLAV,Z2) 

CALL  NTRAN  (9.2.NR0h**2.B.LAY»22J 
WHITE (MO. 99) C 1 B C J j , Jsl»L*0) 

99  FORMATdMi,//  20A6  //) 

DO  799  w I s 1 » NROw 
DO  79q  kJsi.NROm 
799  A(KI,wj)=b(Kl,KJ) 

WRITE(M0.9)  (A(i.J).J:i.S) 

9 FORmatmx.iA  MATRIX'. 10D12, 6) 

DO  70  Jsl.NRA 
SUMACC=0 

C CALCULATION  COLUMN  SUMS  OF  REGIONAL  TRADE  FLOw  MATRIX 
LESOne  s NROw  • I 
DO  20  in.USONE 

20  SuMaCC=SUmaCC. A ( I » J) 

A(n»Oh, J)=SUMACC 

C IF  COLUMN  SUM  LESS  THAN  ,5  SET  InTER-InDUSTRY  COtFF IC IENTS»0 
IE  (SumaCC.GT.O.UB)  GO  TO  50 
00  30  1=1. nRA 
30  AM AT ( I • J 1 aO 
GO  TO  70  " 

C INTER-INHUSTRY  COEEFICIENT  = COLUMN  OF  trade  HOW  matrix  DIVIDED 
C BY  SUM  np  rOLlIMN 


[ A 
» 
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SO  CONTINUE 

KUNSTe*l'^ST*l 
00  NO  Irl.’fRA 
Am»TCT.JTsaCI.J)/SU» ACC 
IMahjTCI.JI.cT.O.O)  HUSN'/fRO*  J 

I* ( a«aT(1.J)  . Li.  0,0)  Ntl-C0F  = f-tr.(,0e*l 
68  CONTINUE 

70  continue 

c TRAsSFf K in  5 l^OL  PRECISION  Avn  OUTPUT  ONTO  DEVICE  10 

C CALL  NT«*N(i0.1.LA8.Ib,L»T,22) 

DO  890  1 sj.NHA 
DO  899  J = ItNRA 
899  ASlNGfl.J)  s AHaTU.J) 

C CALL  ►'THAN  (toil  ,NRA**2.  ASING.L*T,22) 

wR!TEc**0.  1070)  1«E6 

1070  FORMAT ( i WROTE  INDUSTRY  COEFfS  FOR  REG+ON ' « t 1 it 
WRITE  CKO.  11  ) (A(N'RO»,J).J=lilO>- 
11  FORkat  (lx.'SUMACC  1 » 1 0 D 1 2 , 6) 

WRITE  (MCI  J)  t amaT(  1 , J)  ,J=1 ,7} 

IS  FORkakix.  i amaT  i , 10O1S.9//) 

CALL  PRINTutnO. ASlNGtlB) 

100  CONTINUE 

wRITE(MO» 15)*UNST 

15  FORmatc  II  0.3*.  'COLUMNS  DIVIDED  THROUGH'  ) 

WRITECKO. 16)NZtH0»N{ GC0F 

16  FORKAYC/Iin.ix.iNONZEHO-POSlTIVE  COEFFICIENTS  AND  I »2X . 1 1 0 . I NEC AT  I V 
IE  COEFFICIENTS!) 

RETURN 

END 

•FOR. IS  PRInTU.PRINTU 
C****»SUBROUTIN£  PHINTU£IOUT»A»IB) 


C TO  WRITE  OUTPUT 
C 

SUBROUTINE  PRINIUCIOUT.A.IB) 
dimension  AC84.80) . IBC20) 

DATA  M,N»NNALF/9,8<i»A2/»LAB/20/ 

JSB1 

JSIs9 

NPLUSsNKALFTl 
DO  10  KKS 1 » M 
JT=JS*JSI 
IF(KK.FO.M)  JT«N 
WRITE  C IOUT.50) 

WRITE  ( I OUT  . 100)  ( I BCD  » 1 = 1 .LAB) 

WRITE (I  OUT, 200) CJ.JsJS.JT) 

DO  20  IsI.nmAUF 

20  WRITE C TOUT, AOO ) I , C A ( 1 1 J) » JsJSf JT) 
WRITE ( I OUT ,200) (J,  J = JS, JT) 
IKNPLUS.CT.N)  CO  TO  «0 
WRITE (1  OUT, 50) 

WRITE f TOUT  , 100)  ( mm  « 1 = 1 *LAB) 

WRITE  t!OUt ,20  0) (J.JsJS.JT) 

00  JO  I s nPL US , N 

30  wR I te  c Tout , joo ) I,  C * C I , J) , J=JS, JT) 

wKtTECTOUT.200)  (J,JsJS,JT) 

C Ol'MKV  CUNTInuL 
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<40  CONTINUE 
JS-JUt 
10  CONTINUE 

bO  F0H«4T(lH|t  //  'DIRECT  REQUIRE  HE  NTS • /) 
100  FO»“*T (1X,?0*6) 

200  FORfiTC/  10111  /) 
loo  FOR«*T(I5.lOFlt,6) 

return 

End 


TRADE 


This  program  disaggregates  the  trade  flows  of  the  regions  identified 
as  28  and  30  into  two  sections  for  each  region  and  aggregates  the 
resulting  trade  flows  into  the  four  regional  trade  flows. 

Substate  shares  of  the  total  state  receipts  (n)  is  computed  by  this 
program. 

Data  Files: 


Data  Set  Name 

Loqical  Unit 

Description 

DATA3 

7 

input 

Substate  I/O  tables 

DATA6 

8 

input 

MRIO  data  set  6. 

Modified  commodity  trade  flow 

DATA7 

9 

output 

Regional  trade  flow 

Input  Data  Cards: 
a)  Control  cards 

KK(IEX),LL(IEX):  Row  or  column  numbers  of  the  matrix  to  be 

exchanged  with  each  other.  The  rearrangement 
of  the  modified  matrix  with  substate  trade 
flows  is  carried  out  in  a number  of  exchange 
operations. 

IEXN  is  the  total  number  of  exchange  operations. 

In  our  case, 

IEX  KK(IEX)  LL(IEX) 

1 1 45 

2 2 47 

(continued  on  next  page) 
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(continued) 

IEX 

KK(IEX) 

LL(IEX) 

3 

3 

46 

4 

4 

48 

5 

5 

29 

6 

6 

31 

7 

7 

11 

8 

8 

15 

9 

28 

47 

10 

30 

48 

M(K):  the  column  or  row  number  where  aggregation  starts. 

Aggregation  continues  up  to  the  column  before  the  next 

M. 

In  our  case, 

1 3 7 9 47 

MANIP(J)=1:  for  making  the  off-diagonal  elements  zeroes  for 

service  industries. 

H:  no  change  is  made. 

Only  one  card  is  needed  using  F0RMAT(80I1). 

b)  Substate  shares  (a) 

c)  Title  cards  for  labeling  the  tape. 


\ 

- 


8 
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PFUR.IS  TNAnF.TWADE 


C* •••♦TRADE 
C 

C TO  "a*E  TnL  TWAn£  H.0»  1*WLE  OF-  JRJO  USING  MUJO  DATA 

C 7)  I-JPL'T  HUE  = CaTaS  OUTPUT  OF  SURIO 

C ft)  INPI-T  Pitt  = i)  A T A 6 0 4 T A SET  b OF  MRIO 

C 9)  OUTPUT  FILES  oaTaT 

c 

DIMENSION  LUflO)  t«AHP(79) 

DIMENSION  a t ut>. AS) . TE *p( “61 . KK(IO).  M f S ) * T (5 • 5 ) . Al28 ( 79) , *u J 


10(79), J9(?n)>  10120) ,L(u5.uS) 

DOUbLE  PRECISION  Sl'*»Ml«9U-.SUftC0l. 

CORDON  /X/P?6A(79),P?PR(79),PJ0A(79)iP30B(79) 

OaTa  iNP.IouT/S.6/.MND.lAft,N«EG/79,ao,«a/ 

DATA  IREGN,lREOP»IEXN,K".Ax/«,tift,lo»S/,IHEOf,/'3/ 

c 

C HEAD  AND  wHITE’  matrix  OPERATION  GUIDE  INPUT 

C 

DO  10  IEX=l.IEXN 

REAptJNP,  100)  KK(IEX).  LUIEX) 

WRITE(IOUT,200)  IEX  * KK(IEx).  LLCIEX) 

10  CONTINUE 

Rt Ap( inp, iOO)  C^Cft) ,Ksi ,KmaX) 

WRITE (I  OUT, 300 (M(ft) ,KsJ .KM AX) 

READtJNP.SOO) ( AL26(J) »jsl »NIND) 

READ(Inp,500)  (AL30(J)»J=ltMND' 

CALL  P A I 

WRITE (lOUT. 600)  C J . AL28  ( J ) . J=  1 1 NlHD) 

WHITE (IOUT, 600)  CJ.AL30(J).J=1 »NlND) 

RE ADtJNPf 650 (MAN1P{ J) * J=i*NlNO) 

c 

CALL  NTRAN(6. 10.22) 

C 

00  95  KKKs  J t N 1 NO 
AL26AsAU2S(ftftK) 

AL28B=i  .0-AL28A 
AL30A=AL30(KKK) 

At  300s 1 , 0»  ALSO  A 
PI28AsP2bA(M<K) 

PI28ft=P28brftKK) 

PI J0A=P10A(KKK) 

PI3O0sP3OB(KKK) 

c 

C READ  AND  WRITE  input  FILE 

C 

C DIMENSION  OF  MATRIX  1C'  MUST  BE  EXACTLY  THE  SAME  AS  ORIGINALLY 
C WHITTEN  DATA, 
nREGP=NRFGaI 

CALI  NTRAN(6i2«LArt, IR.LAY.22) 

WRITE ( IOUT.700) t JH( J)» Jsl .LAB) 

CALL  nTRAn(B.2.nwegp**2.C.LAY,22) 

WRITE  (TOUT.  860)  CC(1 . J) . J«=l  .NRtGP) 

C 

DO  15  lel.NREG 
O''  15  JsI.nREG 
A(I.J)sCd.J) 

15  CONTINUE 
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c 

C CREATE  Nfc»  H0«s  COLUMNS 

c 

DO  20  Is l * NREG 
A(I.us)=PI?«**A(I»?8> 

*Cl.«frI=pI?ort»A( I,26> 

A(  I,H7JsPMC*»‘II»  JO) 

A(I.U8)s»»l308*AtI.30> 

20  CONTI K'Ut 

DO  30  Jst.sREC 
A(05. JI=*L26A*A(28.J) 

A(Ub.J)=AL28b*4(2B*J) 

*(«7. J1=AU3U*« A(30. J) 

*(«9.  J)  = AL3Ob*A(10,JJ 
30  CONTINUE 

c 

c 

A(a5*u5)  = Al<?8A*PI?8A*A{28»28> 
AI«S.U6)=AL28A*PI2R8«A(28.?8J 
A(a5»u7)  = Ak.28A*HI30A*A(2O.30I 
4(«S.uR)  = ALiJ9A*f'Iice*A(2Bi30) 

C 

A(a6.05)=AL288»Rl28A*A(2B,26) 

A(U6«ub)  = Al.  28ii*'-l2P9*A(28.28) 
A(«6«U7)=AL28B»kIi0A«A(2e«30) 

A(U6.a8)  = AL28ts*PI30b*AC2«,30) 

C 

A(U7tu5J=AL30A»Pl28A*A(30t28J 
HU7  •Ub'>  = *LiO**i-'l<>r**HSO'?.()) 
AC«7.u7)sAl304*^IiOA*AC30f30) 
A(«7.«8)sAL30A*PI30b*AC30*30) 


c 

AtU8.uS)=AL30P*PI2R»«A(30«?8) 

AC«8«<jf,)  = AL308*PI28e.*A(30.2B) 

A(«8*u7)sAU30b*PI30ATA(30t30) 

A(<1B««R)S*L30B*PI30R*A( 30*30} 

C 

C make  OFF-DIAGONALS  ZERO  FOR  SERVICE  INDUSTRIES 

C 

IF(mampckkk)  ,ne.  1 3 GO.  TO  35 
A (us*  o5)  = A(a5ia*j)*A(a(>t«5) 

A ( <16  t u5  ) = 0 , 0 

A(«6«tt6)=At ub»«6)*A(05««6J 
A(«5*Uh)s0,0 

A(u7.a7)=A(a7.R7)*ACa8,«7) 

A(R6.U7)=0,0 

A(<lB»08)sA(U8.«6)tA(a7»aft) 

AC«7.a«)=0,0 
35  IF(KKK,GT,3)GO  TO  «5 

c 

C WRITE  ALL  THt  MATRIX  ELEMENTS  BEFORE  INTERCHANGE 

C 

WRITE(IOUT,900)  KKK 
CALL  OUTPUT ( IUUT  » A » KKK) 


I 
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c 

c 

c 


INTERCHANGE  OF  ROWS  AnD  COLUMNS 


c 

c 

c 


<(5  DO  60  1 1 xs  j » IEXN 
IkskK(JEX) 

ILSLL(IM) 

DO  U0  .IsJiIKCCP 
TEHP ( J)  = * ( I K«  J J 
At IK. J)=»(IL*J> 

Atilt  J)sU*P(J> 

ao  continue 

00  50  Isl.lREGf' 

TE"P(I)=A(I.IK) 

ACl.lK)st(Itll) 

A(I*Il)sTEmP(I) 

50  CONTINUE 
60  CONTINUE 

arite  matrix  after  Change 

IF{KKk,GT.3)G0  TO  65 
"RITE ( IOUT • 1 0 C 0 ) KKK 

CALL  OUTPUT! 10UT.A.KKK) 

AGGREGATION 

65  00  60  KsI.IREGN 
DO  BO  Ld.IKEGN 
1PLsm(k»u,j 
IRLsN(LaI)"1 

IPSsM(K) 

IRSsM(L) 

SUHsO.O 

00  70  IsIPSiIPL 
DO  70  JsIRStIRL 
SUNsSu"»A( I» J) 

70  CONTINUE 

T(K,L)s5UM 


SO  CONTINUE 

c 

C SUMMATION 

c 

00  65  Isl.IREGN 

SUMCOi=0.0 
DO  6a  X: 1 . IREGN 
ea  SUMCOL=SUMCOLtT(KtL) 

65  T ( IREGM.LJsSUmCOL 
00  67  L= 1 • IRIGM 
SUMRO»s  0.0 

DO  66  Ks 1 * I HEGN 

66  SUMRO^=SUMQO"+T Cl.KJ 

67  TCl.IRf GMJrSUMRO" 


rfHXTfc  C’JTPUT  PKE 


C 
C 

BEAD (IMP. 701) , 1*1,1 U) 

WRITE  r I POT  . 70  1 H Jbt  I) . 1st  (LAB) 

00  <90  k=1.1RE(,m 

90  "RITE  Cl  OUT  ,900)  (T-(K.L)  .l.=  l#I«EGH) 

CALL  wTRANCV. 1 *LAh. Jb.LAV.22) 

CALL  NTHAncR.  1 . IwtGH»»2,T,LAy,22) 

95  COMInUE 
C 

c 

100  F0RMATC2I5) 

200  FORMATC///3I10) 

300  F ORm  A t C 5 1 5 ) 

(100  FCRMATtbtPO.O) 

500  FORhATf iuFS.2) 

600  format fflC  15. F 10,9)) 

650  FOR^ATfSOIl) 

700  FORmAt C///20A6) 

701  FORMAT . J3A6.A2) 

BOO  F0RmatCBE15,9) 

900  F09MATC///10X,  'MATRIX  BEFORE  CHANCE  FOR  InOUSTRT  sl.JS) 
1000  FORMATC///10X,  ImaTRIX  AFTER  LHAnCE  FOR  INDUSTRY  si,I5) 
1100  F ORMAT ( 1 Ml ) 

STOP  0000 
END 

♦ FOR. IS  OUTPUT. OllTPlT 

SUBROUTINE  OU'PUT(IOUT.A.IND) 

DIMENSION  AC9U.9B) 

JSsj 
JSIa9 
Ns  9 ft 
Ms  5 

DO  10  KKS  1 , M 

JT=JS+JSI 

1F(«N,EU,M)  JT=N 

nK 1 1 F ( 1 OUT .100)  IND 

"HITECIOUT.2O0)  CJ.JsJS.JT) 

DO  20  Isl.N 

20  NRITE(!OUT.  300)  1 . { A( I , J) . Js Js.JTJ 
HRITECIDUT.200)  CJ.  J=JStJT) 

JS=JT*l 
10  CONTINUE 
200  FORMATf/lOIll/J 
300  FORmatciS.IOEU.S) 

100  F0Rmat(1mi,5X. ' INDUSTRY  »'tI5) 


RETURN 

END 
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•mjh.is  p*i,p»: 

suM«i)nT pje  pax 

CU"MC>.  /*/P2*a(79) ,P28n(7Vl.P3PA(7O),P30fl(79) 

DI"E  NSTPN  At8u.dU),IrtC20).RAl2HAC79).PAl?BB(79).PAlJ0AC’9), 
1 P»1JP«(79) 

DaTa  LAb, nR. NC »Nl NO, I OUT /20.80. 89,79,6/ 

C 7)  Input  F 1 Lt  s DATAJ  OUTPUT  OF  SUBIO 

CAtl  \TWAn(7, 10,22) 

00  }0  K=  1 t (J 

CALL  NTRAN^^.LAB, 19. LAY. 22) 

WRITE  f TOUT. 700) Clb(J) ,J=1 .LAB) 

CALL  nTRAn(7.2«nR*nC. A.LAY.22) 

WRITE  f TOUT, bOO)(A( 1 .J).J»l,NC) 

DO  20  1*1 , N I NO 
IE  (K.EO.l)PAI28Af  nsACI.84) 

IF(K,E0.2)PAI2»titn  = All,B4O 
IKK.  EC,  T) PA  I 30  A Q JsA{  1,84) 

IF<a,EO.U)PAI10bCI?  AU.BR) 

20  CONTINUE 
JO  CONTINUE 

CALL  NTRAN(7»10,22) 

REDEFINE  ROwSUPS  FOR  INDUSTRY  7«  TO  PREVENT  OVERFLOW 
PAI28E7R)  * PAIJ0C7U)  « 0,0 

PAI28a(7<I)  = I,0 
PA128H(7«)=1 ,0 
PAIJ0A£7U)=1.0 
PAnoB(7U)  = l,0 
00  UP  I=l»N!NO 

P2AAf Il=PAI23A(l)/(PAl?BAJI)*PAI28etI)) 

P2S5C  ITspAI2BB(  1)/{Pa12bac  I ) *P  A 1 2sB ( I ).> 
P30A(I)sPAIJOA(I)/(PAl'tcA(I)*PAI30B(I)) 
P30b(I)sPAl30bm/(PAlJOA(I)4pAIJOB(I)) 

WRITE ( TOUT .900) I. P26A ( I ) I),P3PA(I),P30B(I} 

UO  CONTINUE 
700  FORMAT ( 1 H 1 . 20 A6) 

800  FORHATtet IS. ») 

900  FORMAT(nO.«F20,<l) 

RETURN 
END 
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This  program  calculates  the  column  coefficients  from  the  trade  flow 
tables  by  dividing  all  elements  in  the  column  by  the  column  sum. 


Data  Files: 


Data  Set  Name 

Logical  Unit 

Im. 

Description 

DATA4 

11 

input 

Regional  I/O  tables 

DATA7 

9 

input 

Regional  trade  flows 

DATA8 

10 

output 

Trade  coefficients 

Data  Cards: 

Title  cards  for  tape  labeling. 


• FOR. IS  CETc.GETC 
t»»»**GETC 

C COMPUTES  u REGION  TRADE  COEFFICIENTS 

C 

C TO  G»nFRA1e  TRAL’C  coefficients  uS1*ig  OUTPUTS  OF  RE G 1 0 AND  TRADE 
C ALTERNATIVE  T MOD  DUES  *»UT  NfcED  OUTPUTS  OE  HtGlO 

c 

C 9 J INPIIT  FILt  = DATA7  OUTPUT  OF  TRAD C 

C JOJOUTPuT  F1LE=  DATA8 

c it) input  ULt  = DATAtt  output  of  hecio 

c 

INTEGER  G*H 

DOUBLE  PRECISION  Sll*RO*,  SUMCOL.  SUHCOR.  C 
logical  NOTKANtALTER 

01  ME  NS  I QN  I H c ^0  ) .Y(Bit.flu).X«Caj»U).*r.(a,8J),KUR(  79,<(),XU0(u,79J  t 
ICltt.Pl.TCj.EjJ.xuKCa.uj.cSlNGfu.ul.JflCan) 

DATA  nr, NL , l Ah/flu ( flu . 20/ • IRE  G » N IND/u  « 79/ ll^P. lOUT/5, 6/ « IRE  GP/5/ 
DATA  notr An/, FAuSE ./. alter/, ealse,/ 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 


ALTERS. TRUE.  IF  ALTERNATIVE  method  IS  USED 
IF ( ALTER)  GO  TO  as 

NOTRANB.TRUE,  if  TRAnSFF.R-OUT  IS'  SUBTRACTED 


H 1 cnR*  1 


MJ  ALSO  REPRESENTS  ThF  TRANSFERS^!  COLUMN 
DO  30  KF.3i.IREG 

READ  AND  wRITf  INPUT  FILE  FOP  INDUSTRIAL  FLOW 

CALL  NTRAn ( 1 1 . 2. L AB. Ib.L AY . 22) 

CALL  NTRANf It »2.NR*nC. v.LAY.22) 
wRITEf I OUT ,700) ( I«( J) . Jsl .LAB) 

WRITE (I OUT. 60  0)  IYC1 , J) , J=1.NC) 

DO  20  1=1, Ml 
SUMROwsO .0 
SUMCOL=0.O 

summation 


do  10  j=i.mi 

SUMROk:SUm.RO»,Y(I,J) 
SUMCOL=SUmCOLaY(J. I) 

10  CONTINUE 

IF  (NOTRAN)  SUMRO‘>  = SUMRO--V(  I»M1  ) 
IF (NOTRAN)  SUmCUL=SUmCOL^Y(M1,I) 
XH  ( I , kk  ) = SllE‘R0W 
XGf "F . I ) = SUMCOL 
20  CONTINUE 
i 0 CONTINUE 
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00  00  ist.JRtG 
00  00  J=!.NlN0 
XG0(I.J)=XG(I.J> 

X0H(Jt I)SXH(JiI) 

OO  CONTINUE 

<*RJTE(  IPUT.VOO) 

WRITECIOUT.600)  ( X CO ( 1 . J ) i J= 1 . NINO) 

»K  ITEM  OUT.  80  0)  ( XOH{ 1 , J ) , J= I , IREG) 

C 

C READ  AND  WRITE  REGIONAL  TRADF  FlOrf 

C 

OS  DO  iso  JNDlJSsitNXND 

CALL  nTRANCR.^.LAR,  IB»l.AV»22) 

CALL  nTRAn(9.2. 1REGP»»2, T .LAY.22) 

C *RITE{IOUT,70u)  (IH(J).J=1.LAB> 

C xR I T E ( I OUT • 0 0 0 ) (T(l.J).J=liIREGP) 

C 

DO  SO  1=1 . IREG 
DO  SO  Js 1 t I mEG 
SO  XGH(i,j)aTri»J) 

C 

C set  COEFFICIENT  MATRIX  TO  IDENTITY  MATRIX 

DO  60  J=1.I«EG 
DO  60  1=1. IREG 

60  CC I i J)=0.0 


i 


* 


.. 

A 


h 


DO  70  1=1. IREG 
70  C(I.I)=1.0 

DU  60  Hal. IREG 
DO  BO  G= 1 . IREG 
C 

C IF  CONSUMPTION  CONTROL  LESS  Than  0,5  COEFFICIENT  NOT 

C CALCULATED  1 IS  LEFT  IN  THE  DIAGONAL  ENTRY.  THE  REST  OF 

C THE  COLUMN  IS  ZERO, 

C 

IF(X0H(INDUS.H1 ,LT,0,5)  go  TO  60 

c 

C COLUMN  COEFFICIENTS  a COLUMN  OF  trade  MATRIX  DIVIDED  8V 

C ROM  SUMS  OF  REGIONAL  1*0  TABLES 

c 

IF(, NOT, ALTER)  GO  TO  73 

C 

C COLUMN  SUM  is  used 

C IN  PLACE  OF  Rn*  SUMS 

C OF  REGIONAL  to  TABLES 

XOH(InOUS.h)=T(IHEGP.H) 

c 

75  C(G»M)=XGHfG.H)/XOH(INDUS.H) 

SO  CONTINUE 

c 

C CORRECTING  column  sum  to  ADO  TO  I 

c 

DO  I?0  h=1,IREG 
SUMC0t=0.0 
DO  VO  r.sl.IREG 
90  SUMCOF=SUMCUE »C CG.H) 

1 
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Punched  cards  of  the  A coefficients  and  the  T coefficients  of  the 
80  sector  model  are  obtained  by  this  program. 

The  technical  coefficients  have' a dimension  of  79x79. 


Oata  Files: 


Data  Set  Name 

Logical  Unit  Type 

Description 

DATA5 

8 

input 

Technical  coefficient  tables 

(84x84) 

DATA8 

7 

input 

Trade  coefficient  tables  (4x4) 

Input  Data  Cards: 

No  input  data  card  is  necessary,  but  the  necessary  values  should  be 
given  in  the  DATA  statements  for  the  following  variables: 

NRA:  the  size  of  the  input  matrix 

NIND:  the  size  of  the  output  matrix 

IREG:  the  number  of  regions 

KEY1 ,KEY2,KEY3:  the  control  keys. 
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• FOR, IS  RMCk'iP.P,JCHT» 

OIhEnsION  CC<J.<J),  i(8u,8U),  AMATC70.79),  JB(20) 
OI-EnsIPN  ! C ( 1 6 ) » I am A T ( 79) 

DATA  KlVl,<FY2.*l  J/nil,«/ 

DATA  KjRA.NJND  /8m79/ 

DATA  i9fr,,|.AB  / U,  20/ 

NCOUMT  =■  M 7 MD*  *2 
mCOunt  s r:BA**2 
LCOunt  S IREG**2 
IFCkEyI.EQ.OJGO  TO  53 

c 

C READ  TRaOE  COEFFICIENTS, 

c 

DO  50  INOeJ,NINO 

c 

CALL  NTRANf ;.?tLAB. J8,laY.?2> 
IF(wOnClNO-ltlO).\E,0)GO  TO  25 
«RITEC*i 1000) JB 

1000  FOR“AT( 1X.P0A6) 

NRITECl»t00lHJBtI)tIsl»13) 

1001  F0R«AT(JSA6) 

c 

25  ICOUNTsO 

CALL  NTRAN(7*2iLC0UNT,CtLAY,22) 

DO  30  Ist,I«E6 
DO  30  Ksl-IREG 

ICOUNTsICOUNUl 

3o  iccicouNTjsca»K)*ioooo 

50  i»»lT£fl » 10fl2)2C 

1002  FOHMAT(tblS) 

c 

55  IF(KFY2.EO,0)CO  TO  110 

c 

C READ  TECHNICAL  COEFFICIENTS, 

C 

DO  100  Ksl.IREG 

CALL  NTRA*Jf  8,2iLA8i  JBf  LAY*22) 

w»ITEC6tl000)JS 

WRITE! It  1001) (JBCIl* 1*1.13) 

e 

c 

CALL  NTRAN(8.2»*COUNT»A.LAY.22> 

C 

IF(K,LT.KEY3)GO  to  too 

c 

DO  60  IsltNlND 
DO  60  Jsl ,NIND 
60  AMAT(I.J)  » A ( I , J) 

c 

00  70  IM.NIND 
00  65  J=1 .NINO 

65  IamaT(.J)samaT(I.J)*j0000 
70  wRITE(1.1002)I*I*HAT 

c 

IFCK.FG.KEY3)G0  TO  110 
100  CONTINUE 

C 

c 

110  STOP  0000 
C THIS  is  the 

END 
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BKYTAP 


This  program  creates  the  files  of  A coefficients  on  a tape  in  the 
CDC  system  using  the  input  data  cards. 

Data  Files: 

Data  Set  Name  Logical  Unit  Type  Description 

DATA5C*  8 output  Technical  coefficients  (79x79) 

Input  Data  Cards: 

a)  Title  cards 

b)  A coefficient  data  cards  punched  by  the  UNIVAC  system. 

*DATA5C  is  the  same  data  set  as  DATA5  except  that  DATA5C  does  not 
contain  value  added,  transfer-in,  transfer-out,  final  demand  vector, 
column  sum  and  row  sum. 
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PROG***  BkVTAPC  INPUT.  OUTPUT.  TAP£.5s  INPUT  .TAPE  t>  = 0UTRUT  .TAPE7.T  A 
DIMENSION  I*(7P)  .*h*T(7P»79) 

DIMENSION  10(16) 

DAT*  NPfO.  MND  /UtVi  / 

DAT*  KfV.KPf G.1REG/0. 3.2/ 

DATA  JREC  / 1 / 

C 

10  XMKEriGE.KPEOGO  TO  15 
C 

REAO(T) tRCG 
READC7) AKAT 
RRITt(8)IRtG 
“RITE {fl) AH*T 
WRIT? (6.1005) 

1005  FORMATflX.lOHPRtV,  TAPE) 
wRITEft..  1 005)l«EG 

1005  FORMATC1H0.7H  region. IS.//  ) 

INDsl 

*RITE(6.100U)I*D 

*RITE<6,lt>o2Hi«ATUND.J)»Jel.NINO) 

INDsTO 

NRITE(6.!00«)I*D 

*RITE(6.1002)  (AMAT(IND.J).Jsl.NIND) 

KEY  #nEY*l 
GO  TO  10 


15  READ(S.lOta)  IB 
1 0 1 U FORH*T(lfc*5) 

MRXTE(b.lOtS)  IB 

1015  FORKATflH0.16A5) 

C 

00  100  I*D  el.NlND 
READ15* 1006)  II. IA 

1000  FORHATdblS) 

e 

IFtII.ro. INDIGO  TO  20 

C 

NBITEfb. 1001)11. IA 

1001  FORm*t ( 1 X . ] 6l5) 

STOP  7T77 

C 

20  DO  «0  Jal.NlND 
UO  AHAT(IND.J)  * IA(J)/10000, 

C 

IF(IND.GT,l.AND,IND.l.TiNlND)GO  TO  100 

e 

NRITEfb, 1000)1*0 
1000  FORMAT ( b *0  I nD  3.15) 

c 

WRlTt(b,1002)(»MATtI*O.J).J«l,NlNO) 

1002  F0RMAT(l0(lX.tll,5)l 


too  ccmtMue 
c 
c 
c 

!RFr.3KfY*i 
*RITE{  t>,  J OnJ)  IBtC 
WRITFfb.lOOb) 

1006  FORhATI lXtUHNE"  TAPE) 

c 

c 

c *R:tE<8)1RCG 
*RITE(S) AMaT 

‘ C 

IREG  * :»EC  *1 
!F(I°IG,LT.hREC)CO  TO  is 

} c 

STOP  0000 
C This  IS  TNt 

- END 


BKYTPC 


This  progr.  m creates  the  files  of  T coefficients  on  a tape  in  the 
CDC  system  using  the  input  dcta  cards. 

Data  Files: 

Data  Set  Name 
DATA8C 

Input  Data  Cards: 

a)  Title  cards 

b)  T coefficient  data  cards  punched  by  the  UNIVAC  system 


Logical  Unit  Type  Description 

8 output  Trade  coefficients  (4x4) 
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PROGPA*  BKYTPCU^PUTtOuTPUTtT  APE.bBlNPUT,  t APt 6= OUTPUT ♦ T APt  8) 
dimension  i5( i*o » ic ( a t a) »c t«» a> 

DATA  KiIMD*NRt'G  /79t «/ 

c 

c 

00  1 0 o I^OsliMND 
IF(“On(IND»l»lO),NE,0)60  TO  10 
»E-AO(S.  1000)IB 
1000  F0^AT(lfcA5) 

WRJTE(6«1001)XB 

toot  Po«MArn x* i6A5> 

c 

10  «E  Ap(5, 1 00?) IC 
, 1002  FORMAT  c 1 615) 

ii»  C 

DO  20  Jsl iNPfcG 
DO  20  Jsl.MRt.G 
20  C(ItJ)  * icd*J)/ioooo, 

C 

JF(*Od(INd-1*10),ne#0)GO  TO  100 

c 

WRITf(6»100S) 

1003  PORMATE2HO  ) 

WR1TE(6.100«)C 
100«  FORMATf llX,flFlO,fl) 

WRITE(6.1003) 

C 

ij  100  WR1TE{8)C 

f>  C 

END  FILE  8 
END  FUE  8 

end  file  s 

END  FILE  8 
STOP  ftOOO 


DRINVT 


This  program  calculates  the  direct  requirements,  THAH  and  the  direct 
and  indirect  and  induced  requirements  (the  inverse  matrix),  1 

with  the  household  sector  coefficients.  The  inve, ;e  matrix  is  obtained 
using  a subprogram,  INVERT, which  is  adapted  from  the  BMD03R  program. 

The  modified  Gauss-Jordan  reduction  method,  or  the  maximum  pivot 
strategy  is  utilized  in  the  subroutine,  INVERT.  With  this  subroutine. 


the  inversion  is 

carried  out  in 

place. 

Data  Files: 

Data  Set  Name 

Logical  Unit 

Type 

Description 

DATA5C 

11 

input 

Technical  coefficients  (75x75) 

DATA8C 

12 

input 

Trade  coefficients  (4x4) 

DATA9 

14 

output 

Inverse  matrix  consisted  of 

lb  submatrices 


Input  Data  Cards: 

Household  sector  coefficients  for  rows  and  columns 


* 
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PROGRAM  pr?jNVT  (I-JPUT  .OoTl'iJTiT  APES=I^PliT  f TAPtbsOUTPUT  . T APt  H r 

1 T A^r.  1 e%  T APE.  1 5.  T APE  14) 

C*»***0RINvT 
C 

c TO  obtain  nl^FCT  PETUT«E*FNTS  ANR  DIRECT  AND  INRIRFct  a> 

C I N D U C F 0 BeO'JI«MFNTS  FOR  79  SECTOR  1-0  MOREL  “ITh  wp'JE 

C NUHR[ p OF  REGION  IS  FOUR, 

c 

C li)  INPUT  FILE  s.  AMAT-DATA5 

C 12)  INPUT  FIlF  % r.Ht,04T43 

C ID  OUTPUT  FILER  STEFl-DATA  I-TA  ft  TAPEt 

C 19)  OUTPUT  FjLt&  STEPP-0ATA3  (I-TAJ(-l)  & T*PE2 

C 

c 

LARGE  E ( 320  « 320) 

LARGE  AtU.B0,80)»  FC80.80),  G(BO*S0),  AMaT(79,79) 

DIMENSION  CU,UJ,  T(R,9,flO),  mkP(320)*  L«PC320} 

C 

c 

LOGICAL  T APE  1 * TAPE2 
Data  nreg.nINO/u.79/ 

DATA  Taplj .TAPE2/, FALSE,, .TRUE,/ 

DATA  I STfcP/2/ 
iNPss 
I0UT=6 

nrEGp=npec*i 

KiINDP=NINO*  I 
1MAXP=N«EG*NINDP 

C 

c FIRST  STEP 

C 

c READ  TECHNICAL  COEFFICIENTS 

c 

DO  20  IREG=I*NREC 
RE  AD ( 1 1 ) KREC 
*RITE(6« 1 000) IREG#KR£G 
1000  F 0RM AT ( 1 X « 215) 

READ(il)  AHAT 
DO  10  I s 1 * N I NQ 
Do  10  JsJ.NIND 
10  A(lREG,I,J)eAHAT(I»J) 

20  CONTjNUe 

c 

c READ  CARDS  FOR  HOUSEHOLD 

c 

DO  30  I=l,MNOP 

SO  RFAD(Inp,101)(A(IrEG,I,nInDb) , iREGal ,nrEG) 

DO  90  J=1,NINDP 

«0  RfADC Inp, 101 ) ( A( IREG,NINDP. J) ,IRtG*l iNREG) 

c READ  TRADE  COEFFICIENTS 

DO  60  iNDs J ,NJND 
RE aD( 1 2)  C 
DO  50  L — 1 * NREG 
DO  50  nrl,NRLG 


t 

i.. 

ji 

i 
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50  T(K.L*lN0)a  C(LiK) 
60  CONTINUE 


! 

li 


j 1 

: 


if 


\ i 

f *■ 

i * 

I x 


c 

c HOUSE-HOLO  SECTOR  FOR  TRADE  COEFFICIENTS 

C 

DO  To  Lsj.nREO 
DO  70  ksj.nREC 
70  TC<*L.NINOP)=0,0 
DO  80  k=1,nREG 
80  T (K « K i NINDP) si ,0 
C 

c CHECK  INPUT  OAT* 

c 

DO  RO  IREGsJ.NREC 

*R I TE( I OUT. 20!)  (4{IREG#1« J).Jsl,NINDPJ 
wR I T f (I  OUT, 201)  (4(IREG»NINDP,J)tJsl»NlNDP) 

HR  I TE ( IOuTf 301) 

HRITE ( I OUT, 201 ) (T( IREG. IREG, J),J=1 iNINDP) 

RO  CONTINUE 

C 

c COMPUTE  T*  A 

c 

DO  100  L=1»NREG 
DO  100  Ksl,NRFG 
DO  100  J=1,NINDP 
DO  100  1-1 » N I NOP 
KK=N1NDP*(K«: )♦! 

LL*NINDP*(L*1 )»J 
E(KK.LL)sT(K»LtI)*ACL»ItJ) 

100  CONTINUE 

c 

e 

KiRlTEtft.  1001) 

1001  FORHAT(lMl) 

c 

c WRITE  T*A 

C 

DO  130  Ksl.NRFG 
DO  130  l=1*NREG 
DO  110  Jsl.NlNDP 
DO  lio  Is  1 1 NlNDP 
110  FCl.J)e0.0 

DO  120  Is1,nIndP 
DO  120  JsltNlNOf* 

KK  = NINDP*(K«?i)tI 
LLsNINOP»(L»n*J 
120  F (I» J)=E (KKiLL) 

C 

c CAUL  PRlNTE(F|NlNOP«NlNDP|KtU»I0UT»l) 

CALL  PRINTF(K.l) 

130  CONTINUE 
C 

c COMPUTE  I-TA 

C 

00  150  LLs l t IMAXP 
DO  iuO  KKa  1 » In AiiP 
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fc 

ft 


* 


fffT* 


If  (KK.NF.  ,U)E<KK,LL)=-fcCKK,lL1 
IFC**.tO,LL)  t C*K.LL)=1 .0-L(KK»LL) 

1 u o COnT INuE 

I p ( T & ofc  j ) wRITEM'SJE 
' J50  ChnT  iNUfc 

If  ( ISTt  P.EO.n  GO  TO  999 

c 

c SECOND  STfp 

c 

c INVERSION  OF  M A T H I X I-Ta 

c 

CALL  1> v 91 ( F. JMAXPf LKPtMKP) 

00  180  Hr  l * NREG 
00  180  Lsi,NREC 
DO  160  J=1*NINDP 
DO  160  I = 1 i N I NQP 
160  G{I«J)=0,0 

DO  170  I=1,MINDP 
DO  170  J=1*NINDP 
KK=NJNDP* (K»i )♦! 

LL  = NINDP*  CL*1 )*J 
170  Gf ItJlsf (KK;LLJ 

CALL  PRlNTt (G#NlNDPf nINDP,K»Li I0UT»2) 
IFCTAPE?)  WRITECUIG 
1 80  CONTINUE 
C 

ioi  format ( or i o *6) 

201  FOR*ATCSG20t5) 

301  FORMAT!///) 

999  STOP  0000 


F 


SUBROUTINE  INVERT  (A,N,L»M) 

C*»***InVERT 

C SUBROUTINE  INVERT  FOR  B*Dfl3R 

c program  for  f i n d i n r t«e  inverse  of  a nxn  matrix 

LARF.fc  Af3?0.320) 

OImEnSIOn  L(A?0)t  M ( 320 ) 

C SEARCH  EOR  LARGEST  ELEMENT 

c 

Os  I. 

on  no  *=i »n 

MnOO=(K/inj*lOi»K 
IF  (HOr.O.EQ.O)  WRITE  (6»  1000JK 
1000  FORMAT ( 6H  INVRT,J5> 

LffOsK 

M(K)sK 
BIGAeAfK«KJ 
DO  20  IcKtN 
DO  20  JsK.N 

IF( ABS(B1GA)-ABS( A( It J) ) ) 10,20*20 
10  BIGAs A( I * J) 

LfKlal 

M(K)Sj 

20  CONTINUE 

c interchange  rows 

JsL(K) 

IF(UK)-k)  35,35.25 
25  DO  30  1=  1 .N 
hoLOs-A(K,I) 

AfKi2)sA(J«I) 

30  A(J«I)sHold 
C Interchange  columns 

35  IsM(K) 

IF(M(«)-K)  «5,a5»37 
17  DO  0 c J=,,N 
MOLD=-Af J,K) 

Af J,K)sA(J,I) 

00  A f J , I } sHOLD 

C DIVIDE  COLUMNS  BY  HINUS  PIVOT 

US  00  55  I s i , n 
lib  1F(I*K)5c»  55*50 
50  AfI»K)sA(IjK)/("A(K(K)} 

55  CONTINUE 

C REDUCE  MATRIX 

DO  65  1 = 1 *N 
DO  65  Jel.N 

56  IF(I-K)  57.65.57 

57  I F ( Jw  K ) 60.65,60 

60  A(l,J)sA(l,K)*A(KtJ)fA(I.J) 

65  CONTINUE 

C DIVIOE  ROW  BY  PIVOT 

00  75  J=  1 , N 

66  IF (JwK)70. 73*70 

70  A(K, J)=A(K,J)/A(K,KJ 
75  CONTINUE 

c CONTINUED  PRODUCT  OF  PIVOTS 

D=D*  A ( ft , ft ) 
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1 ""  ■ I 


c MfPLACF  PJVO  nr  RECIPROCAL 

AfK.O  = l,0/A(K.K) 

80  C0NT1NUF 

c FINAL  «Pw  AND  COLUMN  INTERCHANGE 

KeN 

100  K={K«n 

X F c *A ) 1S0.150.10J 

101  I = L C K ) 

IF(I-K)  120. 1 ?0 . 1 05 
105  DO  no  Jsi.N 
hOL  Dc  A ( J»  K ) 

AfJ.K)s-A(J.l) 

110  A f J . 1 ) sHOLD 
120  JsM ( K ) 

IF  C J-K  j 100.100.125 
125  DO  130  Isi.N 
MOLDsACK, J) 

AfK.Il=-A(J.l) 

150  * ( J . 1 ) =HOLD 
GO  TO  100 
150  RETURN 
END 


SUBROUTINE  PRjNTEf A.NROW.NCOl jNROWS.NCOLS. IOUT. 101 
CS$SSS5UBR0UT1NE  PRINTE 

c 

c 

c TO  PRINT  OUT  A MATRIX  OF  NROW  BY  NCOL  ONTO  DtVICt C 10UT) * 

e 

C Ac  MATRIX 

C nROW  9NUMRER  OF  ROWS 

C NCOL  sNUMRfR  OF  COLUMNS 

0 N R 0 w S sSUR MATRIX  LOCATION  IN  ROW 

C NCOLS  sSUBMATRIX  LOCATION  IN  COLUMN 

c 

c NOTE  THAT  NROW  SHOULD  BE  LESS  THAN  85. 

c 

LARGE  Atan'BO) 

DATA  ICOUNT/O/ 

KEY8 1 

ICOUNTsICOUNUl 
IF(IC0UNT,LF.,<J)KEY82 
J S 8 1 
JSlaR 

IFCNCOL.LE.JSI)  JSIsNCOL-1 
nmaLF=npow/2 

IF(NR0*.LT,U5)  NHALFsNROW 
NPLUSSNMALFAl 
HMrFLOATCNCOLl/10,0 
Ms N COL/10 

XF  C CkM^flOaTCMJ)  ,GT. 0.001  J MsmM 
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£ r-’*  -»•  - 


B . . . 


On  UO 
jt=js  js: 

IFtKK.t Gw*)  JTsNCOl 
*>»l tl ( l dot • inn) 
ifUD.Eo.n  k«itf  nouT.aofl) 

IF(in,tf),?)  *RlTE(I0UT,500) 

*•  R 1 T t ( inuT.600)  NWO^S*  NCOLS 

c 

c RVPaSS  SimRTUTIkJF  PRIME  To  AVOID  EXCESSIVE  PRINTOUT, 
IFCKty,F').l  )*F  TURN 
WPITE(IOUT.?00)  C .1 . j=jS,jT) 

DO  IP  I=J i N HALF 

10  *.RI  Tl  ( IDUT.  300)  I,{AfI»J),  JsJStJT) 

►rite ( Iout.poo)  (J.  JsJs.JT) 

IP(NPLUS,GT,NRO>“)  GO  TO  3o 
WRI’-ECIOUT.IOO) 

IPClD.EO.l)  *'RITE(IDUT,R00) 

IFUO.EQ.?)  "RITE! IOUTtSOO) 

WRITE! 10UT. 600)  NR0W5* NCOLS 
*»RITe(  IOUT,?00)  CJiJsJSiJT) 

DO  ?0  J snPLOS , NROW 

20  wRITECIOUT.  300)  I.  C A ( I . J ) Js  JS  * JT  ) 
wpiTECIOUT,200)  (J. J=JStJT) 

30  JS = J7M 
00  CONTINUE 


100  FnWMATdH  ) 

200  FOR* aT C / 1 0 X 1 1 /) 

300  FORMAT  ( 15,  iOF  11  ,5) 

U00  roRMAT  ( ///?0X  , 33HOIRECT  RfO'JioEPfNT  *ITH  HOUSEHOLD  /) 

500  FPWMAT  £///20X, 1 uhINve^SE  matrj*  /) 

600  FORMAT (///25Xi21mSUBhaTRIX  LOCATED  AT (« IS* IN,  tlSi  1H)  /) 

RETURN 

END 


subrout i nf  printfck.l) 

c DUMMY  ROUTINE  TO  SAVE  PAPER 
WPITE(6# 100)K»L 
100  FORMAT ( l HO, 215) 

RETURN 

END 
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FINAL 


This  program  is  to  calculate  the  national  final  demands  per  $1000 
contract  cost  for  water  resource  investment  by  project  type  for  the 
closed  model  in  1963  prices,  the  national  final  demands  for  the 
McClellan-Kerr  Arkansas  River  Multiple  purpose  project  contract 
cost  and  project  cost,  the  regional  final  demands  for  the  McClellan- 
Kerr  Arkansas  River  Multiple  purpose  project  contract  cost  and  project 
cost,  and  the  output  for  the  80  sector  model. 


Data  Files: 


Data  Set  Name 

Loaical  Unit 

Type 

Description 

DATA3C 

12 

input 

Trade  coefficients  (4x4) 

DATA9 

14 

i nput 

Inverse  matrix 

Input  Data  Cards 

: 

a)  National 

final  demands  in 

1958 

b)  Deflators 

c)  Ratio  of  contract  cost  to  project  cost 

d)  Contract  cost  and  project  cost 
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PROGRAM  FI^lCl^PUT»OUTP(JTtTAPfc5clNpUT»TAPtf>  = OUTPUT»TiP!i2,Ti. 

C*****FIN*U 

C TO  COMPUTE  FINAL  DELANO  AMO  OUTPUT « GIVEN  CONTRACT  COST  A 

C PROJECT  CO  T 

C 

c 12)  INPUT  F ILF  *GFTC«0ATa8 

C 1U)  INPUT  FILE  1STEP2-DATA9 

C 

c 

nnUTtE  PRFCISJON  SU*»  SUMY 
L*RGt  fc(320»3?ftj 

OIMfcNSION  G ( 0**0)»C(O,<l)lTC<|,<i#80)fV(J20)*FV(BI#5) 

DIMENSION  X(-CS.8J)»  VF  (5*81)  * XFCl5t8i)t  YFCCS*81J*  XFRC5iei)* 
J vFQC5,ftn » - (320) 

C0MM0N/8K1/CCT(5) , ALPHA  (5) » PC  (5) » 8(8 t,«)  /0K2/INP,  IOUT 

OATA  NREG»MN0/«f  79/ 

INP  = 5 
lOUTsfe 

NRt  GPsNRf  GA I 
nInDPsi\<InO<’1 
NINPPPsNIND+2 
IkAX?=nREG*NINDP 

c 

c READ  -INVERSE  MATRIX 

C 

DO  20  Ksi,NREG 
DO  20  L=1*NREG 
READ(H)  5 
DO  I 0 Jp i i N I NDP 
DO  10  JeJfMNDP 
Kkenindp* (kpIJ*I 
LlsN 1NDP* ( i_M  ) ♦ J 
10  E(K<,LL)=G(I» J) 
lP(KfGT,l)GO  TO  20 

IP(L.EG.I)  CALL  PRINTE(G,NlNDPfNlNDPtX,L,I0uTf2) 

20  CONTINUE 

READ  TRADE  COEFFICIENTS 

DO  <10  iNDsliNINO 
RE AD f 1 2)  C 
OP  30  LbJ.NREO 
00  30  Ksl»N«EG 
30  T(K«L»lND)eC(L«K) 

00  CONTINUE 

HOUSEHOLD  SECTOR  FOR  TRaqf  COEFF 

DO  50  Lsl.NREG 
DO  50  *=1|NREG 
50  T(K»L»ni f'DP) e0 « 0 
DO  60  Ka i » NRtG 
t>0  T(K*K»Nl'iDP)ai,0 

DO  70  IREGslfNREG 
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c 


-~T 


c 

m 

m 

C 


c 

c 

c 


c 


c 


r 

c 

c 


c 

c 

c 


c 


70  a»!UUOUT,201  J tT(IHEC.l»J)iJel,MNDP) 

COMpuTt  FINAL  DEMAND 

C »LL  DLM AND 
<05T«1 

75  CALL  CQNT  RC ( KOST  » FY ) 

COMPUTE  OUTPUT 

JTYPE*5 

ImPACT*1 

DO  «0  mGstfNREG 
DO  80  IND=1,ninDP 
jKsMlNDP*(ItcEG-J)*IA<D 

Y C JK)  = T t IRtet IMPACT » JN0)*FY(lNDi JTYPfc) 
80  CONTINUE 

00  100  Jsj,IM*xP 

sumso,o 

DO  RO  Jelil^*XP 
90  S'JMsSUM4t(I,J)»Y(J) 

100  XClJsSUM 

BREAK  into  REGIONAL  groups 

DO  110  1RF-G=1.NREG 
DO  110  InDs1*nINDp 
jKsMNDP*ClREG«l)iIND 

YP( IRFG» IND)=V( JKJ 
110  XF(lRtG,IND}=X(J«) 

FIND  ROW  SUMS  AND  COLUMN  SUMS 

DO  ISO  INDsliNIMDP 

SUMsO«0 

SUMYeQ.O 

DO  120  I REGS  1 * NR£C 
SUM vs SUM Y *yF (I  REG, I ND) 

120  SUM3SUM+XF ( IREG* IND) 

YFfNRl G* 1 , INDlaSUMY 
130  XF(NREG*l » IND)*SUM 

DO  150  IREGsi.NREGP 

SUMaOtO 

SijMYsO.O 

DO  UO  iNOsliNINDP 
$Umvs5UMY  + YF ( I REG, IND) 
jao  S!'MB5UM4XFURFG,IND) 
YF(IREG»MNDP*l)sSUMY 
X F ( IrEG, n I n 0 P ♦ 1 } 3SUM 
150  CONTINUE 


**RITE  FINAL  DEMAND  AND  OUTPUT 
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non 


PER  1000  DOLLARS 


C»LL  PRI^TF (Yr.N^ECP,  NIndPP,  I OUT , 1 , j , K03T ) 

CALL  PWI>»TF(XF»NPt&P,  NlNDPP,  1 OL't . 1 » 2 » HOST  ) 

IN  Pi PCr STAGES  BY  COLUMN  SUMS 

on  lt>0  ind=i*njndpp 

DO  1 bO  IwEG=1 .nREGP 

e 

C CMFC<  POP  ZFPO  IN  DFNP“lNATOR, 

IT  ( ABS  ()fF  (JPEG.  NlNDPp) ) ,LT,,000«1)  WRITE  (6.  ISO  DIRFC 

1501  FoRsAT(iXi6^TTLT01fl5) 

C REPLACE  ZEROS  *ITH  ONES. 

lFtABS(XFCIREC.*NlNDPP)>  ,LT,, 00001) XF  ( I REG . M Nr>PP)  s 1 , 

c 

XFC(IREG.IND)sxF ( IREGi IND)*100,0/XF(JREG|NINDPP) 

c 

C CHECK  FOR  ZERO  In  DENOMINATOR, 

IF(  ABS(YFt  l«Er.»  NINDPPJJ  .LT..0000 1 ) WRITE  (6*  1502)  IREG 

1502  FORMAT  (i  x.feMT  RT02.  IS) 

C REPLACE  ZEROS  *ITM  ONES. 

IFCAbSCYFf  IRLGtNINDPP)  ),LT,,00001  )YF(lREG*N'lNDPP)sl, 

C 

YFC(1REC,IND)=YF(IREG.1ND)*100.0/VF(IREG,NINDPP) 

]60  CONTINUE 

CALL  PRINTF (YFC#NRtG  .nInopp, i0Ut .2. 1 .KqsT) 

CALL  PRINTF CXFC'NREGP*NINDPP. I OUT . £ . 2 , KOST > 

IN  PEPCENTAGES  BY  ROw  SUMS 

DO  170  jN'DcltNINDPP 

C 

C CHECK  FOR  ZERO  IN  DENOMINATOR, 

IM ABS(XF (NBFGPf IND) ) ,LT ,.00001) WRITE (6i 1503) IND 

1503  PnRuATM  X.6MTILT05. 15) 

C REPLACE  ZEROS  wITM,ONES. 

ir( ABS(XF(NREGP»I^D) ) ,LT,, 00001 )XE (NREGP » IND) = 1 , 

C 

IF(  AeS(YF(  NPFGP.  IND) ) ,LT#,  0000 1)  WRITE  (6 » 150<4)  IND 
150«  FORMAT(lX,faMTlLTO«.I5) 

IF(ABS(YF (NREGP. IND) ) , LT , . 00 0 0 1 ) VF ( NKEGP , IND) s 1 , 

c 

DO  170  IRFG=i. NREGP 

XFR( I REG. IND)sxF ( I REG. I NO ) * 1 0 0 . 0 /XF ( NpEGP . INQ) 
YFRCIPEG. IND)svF (IREG*lND)*lOO.O/yF(NREGP. IND) 

170  CONTINUE 

CALL  PRINTF(YFR.NPEGP.NIN0PP,I0IIT»3.1  .KOST) 

CALL  PRIMF(XFR»NPEGP»NINDPP»  I OUT  »3.2,*0$T) 

KOSTsK09Ta 1 

ir(K0ST.LF,2)  GO  TO  75 

201  FORMATCG20.5) 

STOP 

end  — 
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SUBROUTINE 

:j.*ts*S'if<wuuT  ine 


PH  I NTE  ( A|  NRO*  I MCCl 
p K J KJ  T i: 


,i,rO"3.ncols.  i out  t ioj 


£ 4 

i* 

ft  <• 

X 


4 

I 

» 

4 


i 

‘a 

i 

< 


c 

c 

c 

c 

C 

c 

c 

C 

c 

c 

c 


TO  FRJNT  OUT  A MATRIX  OF  wRO*  bT  NCOL  ONTO  DEVICE C IOUT) , 

A a MATRIX 

NRQw  sNU^HER  OF  RO*S 

NCDL  cM'^plk  OF  COLUMNS 

nRQ*S  sSUn^ATRIX  LOCATION  IN  PC'* 

NCOLS  sSur-'ATRI  X LOCATION  IN  COLUMN 

NOTF  that  nRO*  SHOULD  be  LtSS  than  05. 

dimension  a ( NROw * NCOL ) 

JS*l 

JSI39 

IFCNCOL.LE.JSI)  JSI  C0L«1 
nmALFsnROh/2 

IFCNROK.LT.yb)  NHALFsnRON 
npLUS=nhalf.i 

Rm=FlOaT  (NCOD/10,0 
msnCOL/I 0 

IF  l (Rm*FLOaT  (m)  ) ,GT,  0.001)  Hs.m+I 

DO  RO  KKal.M 
JTsJS*JSI 

IF(KK.EO.M)  JTsNCOL 
WRITECIOuT.JOO) 

IFUD.tO.n  "PITEC  IOUTe«00> 

IFCIU.LC.2)  MRIUCI0UT.50G) 

WRlUUOuT.600)  NROWS.  NcOLS 
WOlT  F C I OUT  f c 00 ) CJt  J = JStJT) 

DO  10  Is  j , NHALF 

10  -»P  I T fc  C I0UT,  300)  I.CACI.J).  JsJS#JT) 

WOITECI0UT.200)  CJ«  JsJSfJT) 

IFfNPLUS.GT.NROWJ  GO  TO  3o 
HRITEClOuTt 100) 

IF(IO.EO.l)  HRlTEClOUT.aoO) 

IP(ID.E0,2)  MRIU(IOUT,500> 

MPITEt IOut.ROO)  NRO*S • NCCL3 
WPlTtCIOUT.?O0)  CJ»JsJS*JT) 

DO  20  ISNPLUS.NRO* 

20  HRITECIOUT. 100)  I.  (A(IiJ)t  JaJS»JT) 
wrITEC I0UT.200)  ( J« JsJS« JT) 

30  JSsJTAJ 
flO  CONTINUE 

100  FORM4T ( 1 HI ) 

?00  A pf?M  a T ( / 1 0 1 1 1 /> 

300  FORMATCl5tlOFU,S) 

oOO  FOH^aT(///?0*.33mdIPECT  REQUIREMENT  **ITH  HOUSEHOLD  /) 

500  FORMAT  C///20X. IUhI^vERSF  MATRIX  /) 

600  F0RHAT(///25x,21H3UBmaTRIX  LOCATED  AT(.I5»1H,  .15.  1H)  /) 
RETURN 

END  C-51 


C-51 


SUHROUT  JKfc  PWjNTKfAtH.N. lOUT, jFCRf lXVfKOST) 
•••♦•PHJNTF 


TO  PRINT  A MATRIX  In  TRANSPOSED  FORM 


5 


10 


IFCR 

® 1 

fc 

PER  1000  DOLLARS 

*2 

& 

PERCFNTaGES  BY  COLUMN  sums 

*3 

l 

PERCENTAGES  by  ro*  sums 

I x y 

*1 

& 

FINAL  CEMAND  (■  TV) 

e2 

l 

OUTPUT  ( s X ) 

KOST 

= 1 

& 

CONTRACT  cost 

■ 2 

t 

PROJECT  COST 

DIMENSION  A ( M ( N ) 
iPA&esj 
I Ss  1 

ITSN/2 

IFUXY.PC.n  *RlTF(IOUTt  inoO) 

IF  (IxvtE'J,2)  *RI  TF  1 1 PuT  • 1500) 

IF (KOST.ES. 1) WRITE  Cl  GUT. 2001) 
IFC*OST,f 0.2)  «PI T E ( IOUT • 2002 J 
IMIFCR.tR,  j)  *RITE(  1 OUT ,300)) 
IF(IFC».cC.2)  «‘PlTt(I0ijTl3002) 

IF  (XFC«.tC,3J  wRITtdOuT,  3003) 

R I T fc  ( 1 0 U T i U C 0 0 5 
DO  10  *slS»lT 

*»ITE(IOUY,  iOo)  K,  (ACl.tO,  Is)  fH) 
IF(1PAGF.EQ.2)  CO  TO  20 
»° 1 TEC IOuT  » 50  00) 

ISsIT+l 


IJsNa) 

IPaG&*2 
CO  TO  5 

20  *rITF.(IoUT*  200>  C t'c  I • N) , 1=1, M) 

J00  FORMAT ( I jo,5F 1 5 » 2 ) 

200  FORm4T(5x.5hTOTaL»SF55,2) 

1000  FORMAT  (lHj  t///8Xi58H  REGIONAL  FINAL  DEMAND  FOR  THE.  Md.ELLAN*KE 
JKAnSaS  RIVER  ) 

1500  FORMAT { 1 w | , /^/BX (52w  OUTPUT  RESULTING  FROM  mClLLLAN-kERR  ARKAN 
1 RIVER  ) 

2001  FORMAT! 15X* Saw^UuTlPLF  RURPOSF  PROJECT  CONTRACT  COST  ) 

2002  FORmaT(1SX,29mmUlTIRlF  PURPOSE  PPOJLCT  COST  ) 

3001  FORM4T(20X.?3WPER  S1  000  * 19(j3  PRICES  //) 

3002  F ORMat  (20X.2OHPERClKlTACtS  BY  COLUMN  Su*S  //) 

3003  foRMaT(20X,?3hpERCEMaGES  bY  ro*  SUMS  //) 

4000  F0RmaT(3x*10HI-u  SECTOR*  8X,  2HR1.  13X*  2HR2,  1 3X i 2hr3 , j 3X  • 2 
1 1JX,  fcWN  A T I On  //) 

5000  FORMAT(//«OX*6M(OVER)  ) 


RETURN 

END 


S»'K*»CUT  IK-E  Dt«AND 

c**«»*: 

c 

c 

c 

c TO  rPO'Pl'Tp  Th£  »>  1 ► A t DEmaND  VECTORS  PER  * 1 000  PROJECT  COSTS 

C FOR  A CLOSEO  JK.PUT-OUTPUT  MODEL  USING  1 S h Data  *ITh  CEFlat 

c 

DP UP IE  PRECISION  SUM 

DIMENSION  I N D ( 0 R ) * PX(Pa,j?j,  FD(eu,i2),  DEFLC84) 

CCIf-MOV  /PM/  C C T C is  J • At.pMA(S)*  P CCS},  B(8l,4)  /tJK2/  INp.ICUT 
DATA  NR.»X**N/eu*  MfU/ 

*rNR 

MsNC 

mmjsMpI 

nkjP=NNM 

c READ  and  WRITE  Input  DAT* 

c 

WRITE CJOUTtlOO)  CJt  J=1»N) 
on  JO  1 = 1 • m 

READ(INP.JOO)  INDf I) | C F X ( I • J),  J=1,N) 

DO  5 J=1 .8 

5 F D C I • J)  = FXCI*JJ 
DO  6 Js9.lt 

6 F Dl  I » J) sFX ( I . J» 1 ) 

FD(I, 125=FXCl.9) 

wRITE(IDUT,600)  IND(I),(FD{I»J}»  J*1iN) 

10  continue 

c 

C DEFLATOR 

C 

wR I T E 1 1 CUT .300) 

DP  20  I s 1 . m n t 

20  RE  AO ( I Np  » 40  0 I I N D { 1 ) . DEFLCl) 

► RITE ClOUT.uSO;  C I nd C 1 5 • DEFlCIJ*  1 * MNi 3 

C CALUuaTF  NATIONAL  FINAL  DEMAND  FOR  J9fc3 

DO  25  lii.MNJ 
DO  25  Jcl.N 

FOCI, J3=FDCI. J5*DEFL(I}/100«0 
25  CONTINUE 
C 

C ag'Regatjon  to  make  household  sector 

c 

Ms8l 
MW  l s M«*  1 
DO  30  Jcl.W 

TEMFsFDEBO* J)*F0(8l» JJ*F0C82. J5*FD(83i J) 

FD(MNl . JJsTEHP 

50  CONTINUE 

C 

DO  50  Jci.N 
SUMCO.O 
DO  4 0 I s J . H N 1 
UO  5UMSSUM+FD( I. JJ 


FrfM,  J)n3ijH 

50  continue 

OP  60  J=)  ,N 

00  60  1=1. M 

CPfe*  FOR  /FRO  JN  DF NOMINATOR, 

IF(465(FC)(M,Jn.LT.  ,00001)  «lTEf6»l500)M,J 
1 500  FoF*'AT(1x»Om*ELP.?I5} 

K E pl_  AC  t 2ERCS  ► . T H ONFS, 

IF  C 4 0 S £ ,LV  , ,0O00nFD(Mfj);ltO 

bo  fo(1.J)=fo(:.j)*iooo,o/'FD(F',j) 

• t«R  j TE  AGGREGATED  FINal  DEHAND 


►RITt£ IOUT.500)  CJ.J=1,N) 

00  To  1=1.00 

70  UBlTt ( 1PUT.600)  I.(FOCI.J).  Jsl.NJ 
*EITtCIpUT,700) 

*r;te( iout.soo;  ( j. j=i »nj 
do  r* 0 1 = 01,80 

BO  *»lTEf IPUT.bCO)  I.  CFO(I.J),  J=1»N) 

► RlTF.CIOuT.P0n)  (FO(P.J),  J=  1 * 6*5 

READ  CONTRACT  AND  PROJECT  C05T3 

RFADCINP.ROO)  c C C T c J 5 • J=l.NNP) 

6R1TU  lOtJT.RlO) 

►RJTEflOUT , ROO  ) (CCTfJ) .Jal.NNPJ 
ftfAO£lNP,ioOO)(4i.PrU(J),  J=l  ,NN). 
wPITECIOUT.IOOP)  (ALPHA(J1,J=i,mn) 

Rf.ADC  InP.RoOJ  (PC(J).Jsi  ,NNP) 

►rite ( IOUT.R20) 

nrITEC IOuT.  900) CPCCJ) . J=I  ,NNpj 

TARE  FOUR  TYPES  OF  FINAL  DtMANDS 

00  RO  1=1. M 
B(1. 1)  = F0(I.1J 
Pf  !,2)sFD(X.S) 

P(I*S)=FD(I*0) 

8(I,0)*FD(I.ll) 

00  CONTINUE 

100  F0R“ATC1M! .///pX.sJMKiTiONAL  FINAL  DEMAND  PATTERN  PER  *1000  CONTRA 
ICT  COST  / 1 0 X » u5wF0R  RATER  RESOURCE  INVESTMENT  5y  PROJECT  TYPE,/ 

2 1 5* , 26HCL0SL0  MopEL  ► 1958  PRICES  //3X.10HI-0  SLC TOR . 1 2 ( 1 6 » 1 X } //) 
/r  o rc**MAT  ( 1 10.7F  j o.2/(5M  0,2)1 

»pp*'iTMhi,///f.X,9HDEFLAT0RS  ) 

,»C  .ro-AY( j s . F IS. 2) 

- - *'A«AT£5fI5.Fl5.2)) 

* “ 4 T l )"1  ,///pX,5JNNjiTI0N4L  FINAL  demand  PATTERN  Per  SIOOO  COnTR 

» : ' • ./ir*.«5HE0«  * A T E R RE  Spur  St  INVESTMENT  OV  PROJECT  Typ£  / 

* ./x-ElOStD  model  • 1 9b  i P R I C E.  S// JX  , 1 OH  I -0  SE  C T OR  , 1 2 £ I 0 , 1 X ) // ) 
•*’ ; J ir, l 2F  9,2) 

. • i . 6*-£uvE  R)  ) 


*00  FPBmAT(5x.5hT0TAL.1?F9.2) 

9PO  F0H**AT(5M5.2) 

9tO  FPK-aT(ih,,///jOX, ^CONTRACT  COST  > 
9?0  FORk‘AT(///io*.l2HPROjECT  COST  ) 

1000  FPRMAT(<lF10«5) 

RETURN 

fcND 


SUBROUTINE  COntRC(KOST*A) 

c*****contrc 

c 

e 

c KOSTs  1 & CONTRACT  COST 

C KOSTs  2 L PROJECT  COST 

c 

DOUBLE  PRECISION  SUM 
DIMENSION  A ( 6 1 • 5) 

CnF^ON  /BKi/  CCT (5) • ALPHA (5) t PC(5)»  B COS • <0  /BK2/  InP.IOUT 
DATA  NN,“/«*ai/ 
mnPsnnm 

MNlSHfll 

IF(KOST, E0.2)  GO  TO  68 

C 

c contract  cost 

c 

JCOUNTM 
DO  20  I* 1 »M 
DO  20  JcltNN 

A(I»  J)cB(If J)*CCT(JJ/1 000.0 
20  CONTINUE 
25  00  40  1 b 1 1 M 
SUMS0.0 
DO  30  Jc  J « MN 
50  SUH=SUH*A(I» Jj- 
40  A(l,NNti)eSUM 

C 

DO  55  JsiiNNP 
$UMsOaO 
OP  50  Is 1 • HNJ 
50  Sit»=SUN**{j,Jj 
55  A ( M i J ) a Sijh 


C-55 


% 


non 


i. 

; i 


t~« I T E RESULTS 

IF( ICOuWT.t 5,1 ) kRITM 10UT,200) 
IfCIC.0U*wT.Ei?.2J  *«lUCIOUTt250) 
►RITE (IOUT.300) 

CO  60  131 »U0 

60  ►=ITE(I0UT»«00)  I,(ACI»J)»  J=1»MNP) 

► RITE ( I OUT • 60  0 J 

c 

IFdCOUMT.LC.lJ  “RITE  (IOUT.200) 
ir(ICOUM,tS,21  »►>»  1 T fc  C I0UT*250J 
►«ITt(IPUT,300) 

00  65  I*at ,90 

65  WRITECIOUT.UOo)  Jsj.NNP) 

► R I T e ( I 0 1 1 T ,500)  C A(M. J)  « J=ltNNP) 

I F ( I COUNT , £ Q • 2 ) CO  To  999 
IFJKOST ,EB,  1 3 GO  TO  999 

C PROJECT  COST 

C 

69  ICOU^Ta2 
DO  70  1*1, M 
DO  70  JcJtNN 


tf I* J)»PCt JJ* ALP«A(J)/1000,0 
, I F ( I , t G , MN 1 ) A(I, J)B4(I,J)*PC(J)*tl,0-ALPHA(J)) 

,'i  70  CONTINUE 

jt  c « ,0  » 

f 200  FOR^4TnH*,///8X,5SM^ATICM4L  FINAL  DEMAND  FOR  THfc  MCLFLIAN-KERR  i 

1 IKANSaS  RIVER  / 1 S x , JAHf’ULT  IP|.E  PURPOSE  PROJECT  CC'TRaCT  COST  / 

2  20X.25KPER  5 1 0 0 0 - '1963  PRICFS  ///) 

250  FORmaT(1*hi  ,///8x,5?mnaTI0naI  cinaL  DEMAND  FOR  The  E'Ct  FU  an-KERR  A 
IKANSAS  RIVfcfi  /I 5X .29HMULT IPLE  PURPOSE  PROJECT  COST  /20X.23HPER  I 
2000  - 1963  PRICES  ///) 

300  FORMATC20X*  BumULTIPlE ,5X,  SwflOOD,  0X , 1 OHRE VET*E NT S , 3X , 11 HLOCK  • 
1DAmS,3x.SmT0TA|.  / 2U#7HPURP0SE»6X,  7 hCOnTROL t 3 Sx , 7hpro JECT  / 

2 3x«  lowi-o  sector  /) 

«00  FORMAT ( I8»  7X*5f13,2) 

500  FORhaT (5x,5wT0T  AL , 5X , 5P 1 3,2) 

600  FPKhaT(/U0X*6M(OVER)  ) 

R 999  RETURN 

x END 


C-56 


*9 


FEEP 


■•t 

t; 

■'j 

i 

\ 


The  submatrices  of  the  inverse  matrix  (I-TA)"1  is  printed  out  with 
the  page  numbers  by  this  program. 

Data  Files 

Data  Set  Name  Logical  Unit  Type  Description 
DATA9  14  input  Inverse  matrix 

Input  Data  Cards: 

No  card  is  needed. 


4 

i 

n 


t 

A 

% 

r 


C-57 


* ' **  ' 


-tut. 


PROGRAM  FFtPCl*  jT,nUTrUT*TAPES=INPUT*TAPE6cOHTPuTlTAPtia) 
dimension  r.fuOtfiO) 

DATA  NREG,MNDp/R»80/ 

I0UTs6 
I PARE5  i 

DO  10  I=liNPtC 
DO  10  J=1*nREG 
READ( 1«)G 
t»'P  I T t C 6 • 1 0 0 J I • J 
100  F0HmaT(iX,2I5) 

IFU.NE.JIGO  TO  10 

CALL  PKINTG(G«NI^DP,NIKiDP.  I,  JiI0uT»2»  IPAGEJ 
10  CONTINUE 

STOP  0000 
END 


SUBROUTINE  PHlNTGC A.NROw»NCOL»NROWS»NCOLS* I OUT. IDt I PAGE) 
C********SUBROUTjNE  PRINTG 

C 

c 

c TO  PRINT  OUT  A matrix  OF  NROW  BY  NCOL  ONTO  DEVICEUOUT), 

c 

C A B MATRIX' 

c NROW  snUmBFR  OF  ROMS 

C NCOL  snumBER  OF  COLUMNS 

C NROWS  sS'JPmaTRIX  LOCATION  JN  ROW 

C NCOLS  sSuBmatRjX  LOCATION  in  COLUMN 

c 

c NOTE  That  NROM  SHOULD  be  LESS  than  85, 

c 

DIMENSION  aCNR0w,Nc0L) 

JSsi 

JSI&9 

IF(ncOL,LE.JSIJ  JSi*NcOL*1 
NHALFsnwOm/2 

1F(NR0<»,LT,US>  NHALFSNROW 
NPLUSSNHALF*! 

RmsfL0AT(NCPD/10.0 

msNcDL/10 

IF((RM,FLOaT(M)),Gt. 0,001)  MuMM 

c 

DO  UO  KK*  1 » N 
JTSJS^JSI 

IF (KK,EO,M)  JTsNCOL 
m«ITE(IDuT, t 00) 

IFtlD.ED.n  MR  I TE  f I OUT  t ^00  ) 

IF ( TD.EO,?)  mRITE  C imjT.SOO) JP‘r 
wRITM  inUT, NOO)  N'RO^S,  NCOLS 
► RITM  inuT,?00)  (J,  J = JS  9 JT  ) 

DO  to  lsl.NHALF 

10  MBITKiniiT,  tflO)  I.CAd.J).  J = J3,JT) 
wRITt  dOUT  ,200)  (J,  J=JS.JT) 

IF(NPIUS.Gt.nRow)  GO  TO  30 
M»ITE(IOUT,10O)  C-58 


-J 


IPAGfcSlPAGFM 

jfiin.to.n  i te  ( T nuT  * uon  > 

If ( TP.tQ.2)  -R I Tt (I  OUT, boo ) TP AGE 
KPITKinuT,600)  NMDwS  * NiC  OLS 
*&lTf  ( InUT,?00)  (J.JsjSiJTJ 

no  ?o  i=nplus,nrow 

20  wRITK  IOUT.TOO)  I,  (AU*J)|  JsJSrJT) 

“RlTEC  I PUT  *200)  (J,.I  = JS»JT) 

30  J S = .1 T ♦ J 

1P*GE  sIPAGEM 

an  continue 

C 

100  FOWmaTCIHI) 

200  FORMAT  C/1 OJ 1 j /) 

300  FOhpat( Tb. 1 0F1 l ,S) 

«no  FOKmaTC///20X,s0IRECT  REQUIREMENT  m t T m HOUSFHOLO  */) 
bOO  FORmaT(///20x»  j(InVe.RSF  m a T N I X *50X . t P AGE  x . 1 5 /! 

600  f 0K*AT(2bX,*5UBMATRIX  LOCATED  AT ( «* lb » * \ *• I5f *) */) 

C 

return 

END 


j-i 


B . 10  Sector  Model 

AGGREG 

This  program  performs  the  aggregation  of  the  industrial  sectors 
from  84x84  into  an  11x11  matrix  using  a regional  input-output  table. 
Punched  cards  can  be  obtained  as  output. 

Data  Files: 

Data  Set  Name  Logical  Unit  Type  Description 
DATA4  8 input  Regional  I/O  tables  (84x84) 

Input  Data  Cards: 

Control  Card: 

M(K):  The  row  or  the  column  number  where  the  aggregation  starts. 

Aggregation  continues  up  to  the  row  or  the  column  before 
the  next  M. 

In  our  case, 

M(K)  = 1,5,11,13,35,65,69,70,72,78,80,81,82,83,84 


• FOR.  IS  AGGRt  G»  * i^E" 

C***»*  AGGRE G 

C TO  AGGREGATE  FOUR  REGIONAL  TABLES  FRO**  Ba*8«  INTO  11*11  * A 7 

c 

C 8)  INPUT  FILE  s DAT  A A OUTPUT  OF  RfrGin 

C 

DIMENSION  A{8u.B«).M(lb)»T(l5.15).IB(20) 

DOUBLE  PRECISION  SUP 


DATA  INPUT. I0uT/5.h/ • 1st CT/ia/ 

DATA  KMAX.  I RE G.LAb.IRUK.ICOL/lS.R. 20 .8<J.8«/ 
C 

C Rt  AD  and  xRITE  paTRIX  OPERATION  GuIDE 

C 

RE  *D( INPUT.  300)  (p(a)»«s1.KMAx) 

WR1TE(I0UT. 300)  ("(n) .*=1 |KPAx) 

C 

CALL  NT R an { . » j 0 • 22 ) 

DO  95  kk<s ] « ImEG 

CALL  NTRANte.P.LAe. I4.LAV.22) 

WRITE ( IOUT  , 700  ) CI?CJ).J=I,L*B) 

CALL  NTHAN(B.2tIR0-*IL0L.A.LAY,2?) 
wRITEC IOUT. 80 C)  ( A ( 1 . J ) . J= l • I COL) 

C 

C AGGREGATION 

c 

DO  80  ksI.ISECT 
00  80  (.vl.ISECT 
IPLspjk. J )-l 
IRL*H(LM  Ml 

IPSsM(K) 

!R5«4(L> 

SUNbO.O 

DO  70  JsIPS.IPL 
DO  70  Js  IRS.  ML 
Sl'P»SuM**(  !•  J) 

70  CONTINUE 
T(H,L)bSUP 
80  CONTINUE 
C 

C COMPUTE  SUMMATION 

c 

DO  68  I* 1 • I SEC  T 
SupsO.O 

DO  84  Jsl.lStCT 
05  SUHe  SuM*  T ( I . J ) 

T(I.lSfCT*l)tSU« 

88  CONTINUE 

ISECTpsJSECTM 
DO  88  JsI.ISECTP 
SUPeO.O 

DO  PV  IsI.ISECT 
87  SUPsSiih.TI  I.  J) 
terse c tp, jjssum 
66  C Pn  t I nI'E 

WHITE! IOUT. ROO)  c-61 


DO  QO  Ksl.TStCTP 

n .aoqjx. (T  f k,L) »le J . iStCTPJ 
90  -HITE-IDUT.UOO)  K (T(k.L)  ,L=1 .IStCTP) 
95  CONTINUE 


too  ruRMAT(lMS) 

UOO  FU«'**TC5*fI'.>»Sf'20.?/toF?0,?)) 
U09  FOP" at (5*.  Ib.  JF(!0,2/(PF?0,2)) 
700  F 0«^AT ( 1 m j ,£0 Ab) 

000  FOWmat  f 6F 15. «> 

900  FUKPATC///TJO. IRtDUCtD  MTRIX 
IRS'//) 

STOP 


FOP  REGIONAL  1-0  MODEL  »IT*  10  SE. 


END 


TRAAGG 


The  trade  flows  of  the  80  sector  model  are  aggregated  into  the  ones 
of  the  10  sector  model  by  this  program. 

Punched  cards  can  be  obtained  as  output. 

Data  Files: 

Data  Set  Name  Logical  Unit  Type  Description 

DATA7  8 input  Regional  trade  flows  (5x5) 


*»FGK.IS  TKAaC.G*TBAAGG 
C****TWAAG(; 

c 

C TO  MA*E  AC.GWEG  T ION 


TRADE  FID" 


INDUSTRIES, 


8)  INPUT  FILE  = 0 AT A7  OUTPUT  OF 

DOUBLE  PRECISION  DY(5*5) •DYSIStS) 
DIMENSION  ! b ( 20 ) ,Y(5.S) 

DATA  NR,NCtLAb/5»5»20/ 


TRADE 


DO  10  leltNR 
DO  10  JsltNC 
DYS(I, JJSO.O 


NSTaTe  IS  INDUSTRY  NUHPit R 
RE ADCB* 1 OOJNST ATE 
IF  INSTATE ,EU.99R)ST0P 
IF  INSTATE. EU,  1000)  GO  TO  45 
CALL  NTRAN(B. I0t22) 

DO  20  KK=1 .NSTATE 
CALL  NTRAN(Ei.2.LA8,in*LAYt22J 
CALL  nTRAN(S* 2»nR*NC* Y,LAY,22) 
CONTINUE 


WRITEI6. 500JNSTATE 
RRlTEfb.'JOO)  I Ib(  J) . Jsl  ,20) 
RRITE(6t500) I JfYtl.J) *Jsi«NC) 


INITIALIZATION 


input  Fll.ts 


rfR I Tt  INPUT  FILE 


AGGREGATION 


DO  50  Is  1 » NR 
no  30  JslfNC 
30  DY ( I . J)sVCI.J) 

DO  40  I=1»NR 
DO  00  Jsl.NC 

40  OYSl I. JlsDYSt I* J)fDYCI»4> 
GU  TO  15 

45  00  50  Is  1 1 NR 
00  50  Jsl.NC 
50  YCltJ)sDvS(I*J) 


WRITE(6»600) 

DO  60  KsltNR 

WR I TE ( 1 ♦ 450 ) (Y(«,L)»L=l»NC> 
RRlTE(6.4b0)tY(ML)*Lcl*NO 
FORMAT (15) 

FOPM*T ( 1 ? A6) 

F0Rmat(5X» • INDUSTRY  si,  IS//) 
FORMAT (20A6J 

FORMAT  (uF20. 2)  C-64 

FORMAT  f 0 I Irjt  E 1 O.o) ) 


WRITE  OUTPUT 


SENFIN 


This  is  a program  to  calculate  the  national  final  demands,  the 
regional  final  demands,  the  multipliers,  and  output  for  the  10 
sector  model  using  the  10  sector  regional  input-output  tables  and  the 
10  sector  regional  trade  flow  tables.  In  order  to  invert  the  matrix, 
I-TA,  the  subroutine  INVERT  from  BMD03R  is  used.  For  a given  project 
type  and  a given  impact  region,  the  regional  final  demands  and  the 
resulting  outputs  can  be  computed.  Since  this  program  does  not 
require  a large  memory,  the  sensitivity  analysis  can  be  performed. 


Data  Files: 

No  tape  is  used. 


Input  Data  Cards: 

a)  10  sector  regional  input-output  tables 

b)  10  sector  trade  flow  tables 

c)  Household  sector  coefficients 

d)  National  final  demands 

e)  Deflators 

f)  Project  and  contract  cost 

g)  Ratio  of  contract  to  project  cost 

h)  Title  cards 

i)  Control  cards  for  the  dynamic  output  format  control 

FI-11  and  FM2 

j)  Control  card  for  aggregation  of  the  final  demands. 


In  our  case. 


L(K)=1 ,5,11 ,13,35,65,69,70,72,78,80,84,85 


Print-outs 
Group  1 

a)  Regional  I/O  table  for  each  region  (15x15) 

b)  Trade  flows  for  each  industry  (5x5) 

c)  Trade  coefficient  for  each  industry  (4x4) 

d)  Technical  coefficients  (A^)  (40x40) 

e)  Technical  coefficients  with  household  sector  (A^)  (44x44) 

f)  Trade  coefficients  (T^)  (40x40) 

g)  Trade  coefficients  with  household  sector  (T^)  (44x44) 

h)  Direct  requirements  (T^A^)  (40x40) 

i)  Direct  requirements  with  household  sector  (T^AH)  (44x44) 

j)  Direct  plus  indirect  requirements  [(I-T^A^)-1]  (40x40) 

k)  Direct  plus  indirect  plus  induced  requirements  [(I-T^A^|)”^]  (44x44) 

l)  Direct  income  change  (10x4) 

m)  Direct  and  indirect  income  change  (10x4) 

n)  Indirect  income  change  (10x4) 

o)  Income  multiplier  type  1 (10x4) 

p)  Direct  plus  indirect  plus  induced  income  change  (10x4) 

q)  Induced  income  change  (10x4) 

r)  Indirect  and  induced  income  change  (10x4) 

s)  Income  multiplier  type  2 (10x4) 
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t)  Output  multiplie'  type  1 (10x4) 

u)  Output  multiplier  type  2 (10x4) 

v)  Sum  of  output  multiplier  type  1 (1x4) 

w)  Sum  of  output  multiplier  type  2 (1x4) 

Group  2 

a)  National  final  demand  vectors  in  1958  (84x12) 

b)  Deflators 

c)  National  final  demand  vectors  in  1963  (12x12) 

d)  Contract  cost  (1x5) 

e)  Project  cost  (1x5) 

f)  National  final  demand  vectors  for  the  McClellan-Kerr  Arkansas 
River  multiple  purpose  project  contract  cost  per  $1000  in  1963 
prices  (12x5) 

g)  Regional  final  demands  for  each  impact  region  and  for  each  type 
of  project  (12x5) 

h)  Output  for  each  impact  region  and  for  each  type  of  project  (12x5) 


C-68 


r 


//*  SENFIN  COMPLETE 
//STEP1  EXEC  E OK T RANH 
//SOURCE. SYSIN  DO  * 

C**s*s***SENFIN 

c 

C INTER-REGIONAL  INPUT-OUTPUT  ANAL YS I „ 

C FOUR  REGIONS  WITH  10  SECTORS 

c 

DIMENSION  Jh( 20) .At  15. 15) . ACOEFF ( A , 10, 10 ) , BCOE FF ( A , 1 1 , 1 1 ) , CCOEFF 1 
1.4,11 ) , AHAT ( 10.10)  ,T( 5,5) 

DIMENSION  AN( 40.40) .AH ( 44,44) ,TN( 40,40 ) »TH( 44 ,44) 

DIMENSION  B( 40.40) ,C( 44,44) ,DI 40.40 ) ,E(44,44) 

DIMENSION  LK ( 40 ) , MKI 40 ) . LKP( 44) ,MKP( 44 ) 

DIMENSION  FMT1I 18) .FMT2I18) 

COMMON  /HKl/FDt  84 , 1 2 ) . DEFL < 84 ) , M, N , I OUT , INP 
COMMON  /BK2/FAI 12.12) 

COMMON  /BK3/  CCOEFF,  D,  E 
DATA  NREG, NINO/4, 10/ 

DATA  NR,NC,LAfJ/15,15.20/ 

c 

I NP=5 
I 0UT=6 

NREGP=NREG+1 
N I NDP  = N I ND+ 1 
IMAX=NREG*NIND 
JMAXP  = NREG-NIfJDP 

c 

C READ  FORMAT  STATEMENT  FOR  OUTPUTS  OF  PRINTA 

c 

1 FORMAT! 18A4) 

READ(INP.l)  FMT 1 

C FMT1 : ( I 5 , 10F 11.0) 

READ I 1 NP , 1 ) FMT2 

C FMT2: (15, 10F 11.5) 

C 

DO  110  IREG= 1 .NREG 

c 

C READ  AND  WRITE  REGINAL  I -0  TABLES 

c 

READI INP.101 ) I JB(J) ,J=l,LAft) 

DO  10  K= 1 , NR 

10  READ!  INP, 201 ) K K , ( A ( K , L ) . L = 1 ,NC ) 

CALL  PR INTAI A. NR ,NC, JB.LAB. I OUT , FMT1 ) 

DO  60  J= 1 ,N I ND 


\ 

«•* 

* 

* 


J; 

t 
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t 


i. 
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DO  60  I=1,NIND 
60  AHATI  I,J)  = A(  I, J)/A(NR,J) 

DO  80  1=1, NINO 
DO  80  J=  1 * N I ND 

80  ACOEFF( 1REG, 1 , J)=AHAT(  1 ,J) 

110  CONTINUE 

c 

DO  85  L = 1 » I MAX 
DO  85  M=l, IMAX 
85  AN ( L , M ) =0,0 
DO  90  K=1 »NREG 
DO  90  I = 1 , N 1 ND 
DO  90  J=1,NIND 
L=NIND*<K-1 )+I 
M=NIND-(K-1)+J 
AN( L»M)=ACOEFF(K» I , J ) 

90  CONTINUE 
C 

C HOUSEHOLD  SECTOR  IS  CONSIDERED 

C 

DO  130  IREG=1,NREG 

READ! INP,401 ) ( 8C0EFF(  I REG.  I .NINDP) , 
READ( INP.401 ) ( 8C0EFF ( I R EG, N I NDP , J ) , 
DO  120  1=1, NINO 
DO  120  J=  1 »N I ND 

120  BCOEF  F ( I REG, I ,J)=ACOEFF( IREG,I,J) 
130  CONTINUE 

DO  140  L = 1 ♦ I MAXP 
DO  140  M=l,  I MAXP 
140  AH(L,M)=0.0 

DO  150  K= 1 , NREG 
DO  150  1=1, NINDP 
DO  150  J=l, NINDP 
L = NINDP=MK-1)  + I 
M=NINDP*( K-1I+J 
AH ( L , M ) =BCOE  FF ( K , I , J ) 

150  CONTINUE 

C 

C TRADE  COEFF 

C 

READ!  INP.IOIM  JP(  J),J=1,LAB) 

WRITE ( I OUT, 101 ) ( JH ( J ) , J= 1 , LAB ) 

DO  360  I ND= 1 »N I ND 
WR I TE ( I OUT ,301)  IND 
DO  160  1=1, NREGP 


TECH  COEFF 

1=1, NINDP)  ‘ 
J=l, NINDP) 
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RF  AD ! I NP » 501 ) ( T I 1 >J  ) »J  = 1 *NREGP ) 

160  WRITE! I OUT  » 50 1 ) ( T ! I * J ) , J=1,NREGP) 

DO  170  I = 1 * NREG 
DO  170  J=1 »NREG 

170  CCOE  F < I,J,IND)=T<  I * J ) /T<  UREGP » J ) 

360  CONTINUE 

c 

DO  180  L = 1 » I MAX 
DO  180  M=1 » I MAX 
180  TN ( L • M ) =0 • 0 

DO  190  1 = 1, NREG 
DO  190  J=1,NREG 
DO  190  K= 1 , N I ND 
L = NI NO* ( I-U+K 
M*N1ND#(  J-1H-K 
190  TN(L,M)=CCOEFF< I,J,K) 

C 

C HOUSEHOLD  SECTORS  - TRADE  COEFF 

DO  210  1=1, NREG 
DO  210  J= 1 , NREG 
210  CCOEFF!  I , J,NINDP)=0.0 
DO  215  K=  1 , NREG 
215  CC0EFF(K,K,NINDP)=1.0 
DO  220  L=  1 » IKAXP 
DO  220  M= 1 , I MAXP 
22 0 TH(L,M)=0.0 

DO  230  1=1  NREG 
DO  230  J=  1 »NREG 
DO  230  K= 1 , N I NDP 
L=NINDP~!  I-D+K 
M=NINDP*(  J-D+K 
230  TH(L,M)=CCOEFF( I,J,K) 

DO  240  K = 1 , N I NDP 
WRITE! 1 OUT, 801)  K 
DO  235  1=1, NREG 

235  WRITE! I OUT, 901 ) ( CCOEFF! I , J , K ) , J = 1 , NREG ) 

240  CONTINUE 

C 

101  FORMAT ! 20A4 ) 

201  FORMAT! I 1 0 , 3F 20 . 2/ ! 4F20 . 2 ) ) 

301  FORMAT! //T10, 'TRADE  FLOW  FOR  I NDUST RY ' , I 5 , // ) 

401  FORMAT! 8F 10.6) 

501  FORMAT! 4F20. 2) 

801  FORMAT ( ///T 10, • TRADE  COEFFICIENT  FOR  INDUSTRY', 15,///) 
901  FORMAT! 1H0.4F20. 5) 


h 

st 


c 

c 

c 


c 

c 

c 


c 

c 

c 

c 

c 


c 

c 

c 


c 

c 

c 

c 


c 

c 

c 


COMPUTE  T*A  AND  TH*AH 


CALL  MULTI ( TN. AN,B . I MAX, I MAX , I MAX ) 
CALL  MULT  1! TH, AH, C, IMAXP, IMAXP, 1MAXP) 


COMPUTE  INVERSE  OF  (I-TA)  AND  !I-TH*AH) 


CALL  REOUIR! B,D, IMAX.LK.MK) 
CALL  R EQU IK(C»EtIMAXP,LKP  »MKP ) 


WRITE  COMPUTE  VALUES 


TECHNICAL  COEFFICIENTS 
READ! INP.101 ) ! JBl J) , J-l.LAB) 

CALL  PR  I NT  A ( AN., J MAX , J MAX . JB , LAB , J OUT . FMT2 ) 

TECH  COEFF  WITH  HOUSEHOLD 
READ! INP*  101) < J B ( J) . J=1,LAB) 

CALL  PRINTA! AH, IMAXP, IMAXP, JB. LAB, ! OUT, FMT2) 

TRADE  COEFF 

RFAD( INP»101)(JR(J) ,J=1,LAB) 

CALL  PR  I NT A ( TN, I MAX. I MAX  » JB , L AB , I0UT.FMT2I 
TRADE  COEFF  WITH  HOUSEHOLD 
READ! INP, 101 ) ! JR! J) , J=1 ,LAB) 

CALL  PR  I NT A ( TH, IMAXP, IMAXP, JB, LAB, I OUT. FKT2) 

DIRECT  REQUIREMENTS' 

READ! INP, 101)1 JB(J),J=1,LAB) 

call  PR  I NT  A { B.  I MAX,  I MAX , JR , LAB.  I OUT  , FMT2  ) 

DIRECT  REQUIREMENTS  WITH  HOUSHOLO 
READ! INP, 101) (JB(J), J=l, LAB) 

CALL  PR INTA(C, IMAXP, IMAXP, JB, LAB, I OUT , FMT2 ) 

DIRECT  PLUS  INDIRECT  REQUIREMENTS 
READ! INP,101)(JB(J) ,J=1, LAB) 

CALL  PRINTA! D, I MAX, I MAX, JR. LAB, I OUT , FMT2 ) 

DIRECT  PLUS  INDIRECT  PLUS  INDUCED  REQUIREMENTS 
READ! INP, 101)(JB(J),J=1, LAB) 

CALL  PRINTA! E, IMAXP, 1MAXP.JB, LAB, I OUT , FMT2 ) 


TO  COMPUTE  INCOME  CHANGES  AND  MULTIPLIERS 


OOUBLE  PRECISION  SUM 

DIMENSION  G! 4. 10) ,F( 4. 10) ,GF! 4, 10  > ,H!4, 101 
DIMFNS I ON  0! A, 10) ,QF( A, 10 ) ,DG! A, 10) ,S! A, 10) 
DIMENSION  P(A,10).R(A,10),U(A),V(A) 


A 

; i 

I < ' 

k 

Li 


■-S-1 


c 


DIMENSION  PS<40).  RS(  44  ),  FF  (4,4,10)- 


y 


DO  12  1=1. NREG 
DO  12  ' J=  1 » NREG 
DO  12  K = 1 , N I ND 
JK=NINOP*( J- 1 l+K 
I F ( I .NE.J)  GO  TO  12 
G( I,K)=C(NINDP*I»JK) 

12  CONTINUE 

c 

DO  42  J=1,NREG 
DO  42  K=  1 , N I ND 
DO  42  1=1. NREG 
SUM=0.0 

DO  22  L=1 »NIND 
KK=NIND*( J-1I+K 
LL  = NIND*(  I-II+L 
22  SUM-$UM+G( I,L)!*D(LL»KK) 
FF ( I » J . K ) =SUM 
42  CONTINUE 

DO  54  J = 1 .NREG 
DO  54  K= 1 . N i ND 
SUM=0.0 

DO  44  1=1, NREG 
44  SUM=SUM+FF{ I ,J,K> 

54  F ( J * K ) =SUM 

c 

DO  51  1=1, NREG 
DO  51  K=1,NIND 
SUM=0.0 

IK  = NINDP=M  I-D+K 
DO  50  J= 1 , NREG 

50  SUM=SUM+E(NINOP*J, IK ) 

51  0(I,KI=SUM 

00  52  1=1, NREG 
00  52  K=1 ,NIND 
GF ( I , K ) =F ( I ,K)-G( I »K ) 

H( I , K ) =F ( 1 ,K)/G( I,K) 

OF ( I ,K)=0( I ,K)-F( I ,K ) 

OG ( I , K ) =0 ( I . K I -G ( I , K ) 

S( I ,K)=0( I ,K)/G( I »K ) 

52  CONTINUE 

DO  72  KK=1 , 1MAX 
SUM=0.0 

00  82  LL=1 , I MAX 
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R2  SUM=SUM+Dt LL.KK) 

72  PS ( KK  ) = SUM 
DO  73  J= 1 .NREG 
DO  73  K * l , N I NO 
KK=K+NIND*( J-l) 

73  PI J,K)=PS!KK) 

00  95  KK=  1 . I MAXP 
StlM  = 0.0 

DO  92  LL  = 1 » I MAXP 

92  StlM  = SUM  + E<  LL.KK) 

95  RS ( KK ) = SUM 

DO  93  J=1,NREG 
DO  93  K=l,Nir  OP 
KK=K+NINDPS( J-l) 

93  R ( J , K ) =RS ( KK ) 

c 

DO  102  1=1. NREG 
SUM=0.0 

on  112  K= 1 .NINO 
112  SUM=SUM+H( 1 ,K) 

102  III  I ) = SUM 

C 

DO  122  1=1, NREG 
SUM=0.0 

DO  132  K= 1 , N I NO 
132  SUM=SUM+S< I . K ) 

122  V! I ) =SUM 

C 

WRITE!  I (HIT.  900) 

900  FORMAT! 1H1.///T10, 'DIRECT  INCOME  CHANGE'///) 

CALL  PRINTBtG, NREG, NINO. I OUT .1 ) 

WRITE! inuT, 1000) 

1000  FORMAT! 1H1 , ///T10, 'DIRECT  AND  INDIRECT  INCOME  CHANGE'///) 

CALL  PRlNTB(F.NREGiNlND.IOUT.l) 

WRITE!  I OUT, 1100) 

1100  FORMAT! 1H1 ,///T10. ' INDIRECT  INCOME  CHANGE'///) 

CALL  PR  I NTR! GF.NREG.NIND, I0UT.1 ) 

WRITE! inuT.1200) 

1200  FORMAT! 1H1.///T10,' INCOME  MULTIPLIER  TYPE  1',///) 

CALL  PRINTB! H.NREG.NIND, I OUT ,1  ) 

WRITE ( IOUT, 1300) 

1300  FORMAT! 1H1.///T10, 'DIRECT  PLUS  INDIRECT  PLUS  INDUCED  INCOME  CHANG 
<»///) 

CALL  PR  I NTH!  0,  NREG,  N I NO,  IOUT*.  1 ) 

WRITE ( IOUT. 1A00) 


a 


FORMAT! 1 H 1 , 
CALL  PRINTB 
WRITE! IOUT, 
FORMAT! 1HI, 
CALL  PRINTB 
WRITE!  1 OUT  ♦ 
FORMAT! 1 H 1 , 
CALL  PRINTB 
WRITE! IOUT, 
FORMAT! 1 H 1 , 
CALL  PRINTB 
WRITE! IOUT, 
FORMAT! 1 H 1 , 
CALL  PRINTB 
WRITE! IOUT, 
FORMAT! 1 H 1 , 
CALL  PRINTC 
WRITE! IOUT, 
FORMAT! 1 H I , 
CALL  PRINTC 


///TIO, • INDUCED  INCOME  CHANCE'///) 

{OF, NR EG, NIND, I OUT, l ) 

1500) 

///TIO. • INDIRECT  AND  INDUCED  INCOME  CHANGE'///) 
( QG . NREG ,N I ND , I OUT , 1 ) 

1600) 

///TIO,  • INCOME  MULTIPLIER  TYPE  2'///.) 
tS. NREG, NIND, IOUT, 1) 

1700) 

///TiO,'  OUTPUT  MULTIPLIER  TYPE  1 •///) 

( P, NREG, NIND, IOUT, 1 )* 

1800) 

///TIO, 'OUTPUT  MULTIPLIER  TYPE  2'///) 

IR, NREG, NIND, IOUT, I) 

1900) 

///TIO, 'SUM  OF  OUTPUT  MULTIPLIER  TYPE  !'///) 

( U, NREG, IOUT) 

2000) 

///TIO, 'SUM  OF  OUTPUT  MULTIPLIER  TYPE  2'//>) 

(V, NREG, IOUT) 


CALL  A SUBPROGRAM  FOR  FINAL  DEMAND 

CALL  FINALE 
STOP 
END 
s=MULTI 

SUBROUTINE  MULTI! A,B,C,M,L,N) 

TO  MULTIPLY  TWO  MATRICES 

C< I,J)=A( I,K)*B(K,J) 

DOUBLE  PRECISION  SUM 
DIMENSION  C(M,N) , A ! M , L ) , B ( L ,N ) 

DO  10  1=1, M 

DO  10  J=1,N 

C!  I « .J ) = 0. 0 

DO  30  1=1, M 

DO  30  J=1,N 

Sl)M  = 0.0 

DO  20  K= 1 » L 

SUM  = SIJM  + A ( I ,K  )*B( K» J) 

C(  I , J ) =SUM 
CONTINUE 


■ — 


: 

* 

k 


RETURN 

ENO 

C**-<---R60U!R 

SUBROUTINE.  REQU I R I A ,BX ,M , LK ,MK ) 

C 

C TO  COMPUTE  INVERSE  OF  ( I —A » 

DIMENSION  A(M.M) , BX ( M , M ) , LK ( M } , MK I M I 
DO  10  1=1, M 
DO  10  J = 1 , M 
BX ( I ♦ J ) = -A ( T ,J) 

1FII.E0.J)  BXI I, J)=1.0-A( I,J) 

10  CONTINUE 

CALL  INVERT! BX,M,LK,MK) 

RETURN 

END 

e$*==*INVERT 

SUBROUTINE  INVERT  !A,N,L«M> 

C PROGRAM  FOR  FINDING  THE  INVERSE  OF  A NXN  MATRIX 

DIMENSION  A!N,N) ,L<N) ,M(N) 

C SEARCH  FOR  LARGEST  ELEMENT 


25 


30 

C 


37 


D = 1 . 

D080  K = 1 , N 
L ( K ) =K 
M(K)=K 
R1 GA=A( K,K ) 

DO  20  I =K  , N 
DO  20  J = K,N 

IF(ARS(BIGA)-ABS(A( I.J) ) ) 10,20,20 
10  ftl GA=A! I ,J> 

L(K)=I 
M(  K ) = J 
20  CONTINUE 

INTERCHANGE  ROWS 
J=L(K) 

1F(L(K)-K)  35,35,25 
DO  30  1=1, N 
HOLD  = -A ( K » I » 

AIK, I )=A( J,I» 

A( J, I )=HOLD 
INTERCHANGE  COLUNMS 
35  I = M ( K ) 

1F(M(K)-K)  A5  » A5  » 37 
DO  AO  J = 1 ♦ N 
Hf)LO  = -A(  J , K ) 
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A I J * K ) = A ( J » I ) 

AO  A( J,  I ) = HOLD 

C DIVIDE  COLUMNS  BY  MINUS  PIVOT 

A5  DO  55  1 = 1, N 

Aft  I F ( I -K ) 50 , 55  » 50 

50  A ( I , K ) = A I 1 ,K>/( -A(K,K) I 

55  CONTINUE 

C REDUCE  MATRIX 

DO  65  1 =1 » N 
DO  65  J= 1 » N 

56  I F ( I -K ) 57,65,57 

57  IF(J-K)  60,65,60 

60  A(  I , J)=A(  I .K  )<=AIK,  J)+A(  I ,J) 

65  CONTINUE 

C DIVIDE  ROW  BY  PIVOT 

DO  75  J = 1 , N 
68  IF( J-K) 70,75,70 
70  A(K,J)=A(K,J)/A(K«K) 

75  CONTINUE 

C CONTINUED  PRODUCT  OF  PIVOTS 

D=D*A(K,K) 

C REPLACE  PIVOT  BY  RECIPROCAL 

A(K,K)=1.0/A(K,K) 

80  CONTINUE 

C FINAL  ROW  AND  COLUMN  INTERCHANGE 

K=N 

100  K=(K-1) 

I F C K > 150,150,103 
103  I =L ( K ) 

JFIJ-K)  120,120,105 

105  DO  110  J=1 ,N 
HOLD=A ( J , K ) 

« A ( J , K ) =— A ( J , I ) 

110  AI J, I )=HOLD 
120  J=M ( K ) 

IF(J-K)  100,100,125 

125  DO  130  1=1, N 
HOLD  = A I K , I ) 

AIK, I ) =— A ( J , I ) 

130  AI J, I )=HOLD 
GO  TO  100 
150  RETURN 
END 

C**=**pR INTA 
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SUBROUTINE  PR  I NT A ( A,  NROW. NCOL , JB.LAB, I OUT* FMT) 


k 


M 

> 


P 


I 

4 

R 

* 


TO  PRINT  OUT  A MATRIX  OF  NROW  BY  NCOL  ONTO  DEV  ICE ( I OUT ) . 
ALPHANUMERIC  STRING  CAN  BE  PRINTED  IF  GIVEN. 

A = MATRIX 

NROW=NUMRER  OF  ROW 
NCOL=NUMBER  OF  COLUMN 
JB=  ALPHANUMERIC  STR'ING,(A4  FORMAT) 

L AB=  NUMBER  OF  JB  (TO  SKIP,  L AB  = 0 ) 

IOUT=  OUTPUT  DEVICE 

NOTE  THAT  NROW  SHOULD  BE  LESS  THAN  85. 

DIMENSION  A ( NROW , NCOL ) , JB ( LAB  ) , FMT ( 18 > 

JS=1 
JSI=9 

I F ( NCOL  .LE.  JSI)  JSI =NCOL-l 
NHALF=NROW/2 

I F ( NROW  .LT.  45)  NHALF-NROW 
nplus=nhalf+i 
RM  = FLOAT(NCOL  J/10.0 
M=  NCOL  /10 

IF( (RM-FLCaT(M) ).GT.  O.OOl)  M=M+l 

DO  40  KK=1,M 
JT= JS+ JS I 

I F ( KK  .EO.  M)  JT=NCOL 

I F ( LAB  . N E . 0 ) WR I TE ( I OUT , 100 ) ( JB ( J ) , J = 1 , L AB ) 

WR I TE ( I OUT , 200 ) (J,  J^JS.JT) 

DO  10  I=1,NHALF 

10  WRITE!  I OUT  » FM  T ) I,  (A(I,J),  J=JS,JT) 

WRITE!  I OUT , 200 ) (J.  J=JS,JT) 

IF! NPLUS  .GT.  NROW)  GO  TO  30 

I F ( L AR  .NE.  0)  WRITE! lOUr, 100)  ( JB ( J ) , J = 1 , LAB ) 

WRITE! IOUT, 200)  (J.J-JS.JT) 

DO  20  I =NPLUS , NROW 

20  WRI TE ( IOUT , FMT ) I,  (A(I.J),  J=JS,JT> 

WRITE! IOUT, 200)  (J,J=J5,JT) 

30  JS  = JT+  1 
40  CONTINUE 
C 

100  FORMAT! 1H1.///20A4,///) 


C-78 


200  FORMAT ( / 10111  /) 

RETURN 

END 

INT8 

SUBROUTINE  PR  I NTB ( A , M , L , I OUT  , I NX  ) 

DIMENSION  A ( M » L ) 

c 

C PRINT  OUTPUTS  IN  TRANSPOSED  FORM 

c 

DO  10  K= 1 » L 

IF(INX.E0.1I  WRITE!  IOUT. 100)  ! A ( I , K ) , I = 1 , M > 

IFIINX.E0.2J  WRITE! ICUT, 200)  K,  ( A ( I , K ) , I =1 ,M ) 

10  CONTINUE 

100  FORMAT ( 4F20. 5 ) 

200  FORMAT!  1 10.5F15.2) 

RETURN 

END 

C***-«PRINTC 

SUBROUTINE  PRINTC(A,M,IOUT) 

DIMENSION  AIM) 

C 

C PRINT  OUTPUTS  IN  TRANSPOSED  FCRM 

C 

WRITE! I OUT. 100) (A! I), I = 1.MI 
100  FORMAT ( 4F20. 5 ) 

RETURN 

END 

C*$*w*FINALE 

C 

SUBROUTINE  FINALE 

c 

C FINAL  DEMAND  FOR  PROJECT  COST 

C 

DIMENSION  X<44),  Y(44>,  XF ( 5.12).  YF ( 5 , 1 2 ) , F Y < 1 2 , 5 > 

DIMENSION  CC0EFF14.4, 11  I , D<40.40),  EI44.44) 

COMMON  /RK1/FD(84,12).DEFL(H4),M,N, I OUT,  INP 
COMMON  /BK2/FA! 12. 12) 

COMMON  / BK 3 / CCOEFF,  D,  E 
LOGICAL  HOUSE 

DATA  KOST/1/,  HOUSE/. TRUE./ 

DATA  NREG.NIND/4,10/ 

C 

C KOST=0  NO  COMPUTATION  FOR  CONTRACT  COST  OR  PROJECT  COST 

C KOST  = 1 CONTRACT  COST  ONLY 

C KOST -2  PROJECT  COST  ONLY 


K0ST=3  BOTH  COST  ARE  USED  BUT  RETURNED  VALUES  ARE 

NREGP=NRFG+1 
N I NDP=N I ND+ 1 
IMAX=NREG*NIND 
IMAXP=NREG*NINDP 

COMPUTE  FINAL  DEMAND 

CALL  DEMAND! KOST  « FY  I 

COMPUTE  OUTPUT 

NTYPE=12 

IF(KOST.NE.O)  NT YPE=5 
I F ( HOUSE ) N I ND=N I NDP 
I F ( HOUSE ) I MA  X= I M AXP 
DO  750  I MP ACT  = 1 *NREG 
DO  750  JT YPE  = 1 * NTYPE 
DO  350  I REG= 1 * NREG 
DO  350  IND=1,NIN0 
JK=NIND=( I REG- 1 l + IND 

Y( JK )=CCOEFF( I R EG  . IMPACT* I ND ) ~F  A ( IND.JTYPE) 

I F ( KOST.NE.O)  Y ( JK  J =CCOE  F F ( 1 REG? I MP ACT ♦ I ND ) *F Y ( IND, JTYPE) 
350  CONTINUE 
C 

IF( .NOT. HOUSE ) GO  TO  36$ 

DO  555  1=1*1 MAX 
SUM=0. 0 

DO  455  J = 1 * I MAX 
455  SUM=SUM+E( I,JI*Y( JJ 


C 

c 

c 

c 


sum y=o . o 

00  850  IREG=l,NREG 
SUM  Y = SUM Y + Y F ( IREG. IND) 

SUM  = SL'M  + x F ( IREG.  INO) 

YF<  NREC-M  . IND)=SUMY 
XFINREG+1, I NO ) = SUM 
DO  951  1 REG= 1 ,NREGP 
SUM =0.0 
SUMY=0.0 

00  851  1 N0= 1 .NINO 
SUMY=SUMY+YF ! IREG, INO) 

SUM=  SL'M  + X F ( IREG.  INO) 

YF ( 1REG.N1ND+1 ) = SUMY 
XF  ( I REG.  N I ND+  1 ) = SU'i 
WRITE! IOUT, 2100)  IMPACT. JTYPE 
WRITE! IOUT, 2101) 

CALL  PR  I NT ft! YF  .NREGP .NIND+ 1 , I OUT 1 2 ) 

WRITE! IOUT, 2200)  I MPACT , J7YPE 
WRITE! IOUT, 2101) 

CALL  PRINTS! XF, NREGP, N I ND+1 , I OUT, 2) 

CONTINUE 

FORMAT! 1H1.///T10. 'REGIONAL  FINAL  DEMAND:  IMPACT  REGION  =', 

>15. 5X. 'TYPE  ='  15,///) 

FORMAT! 1H1.///T10, 'OUTPUT  : IMPACT  REGION  = ' « I 5 » 5X  , 'TYPE  =',I5///) 
FORMAT  ( //2X,  • INDUSTRY  • , T21 . ' R 1 ' , T36,  • R2  • , T5  1 , • R3  • , Tfc6 , ' P.4  • , T78  , 

> • NAT  I ON ' // ) 

RETURN 

ENO 

SUBROUTINE  DEMAND! KOST.FYJ 
»s*OEMAND 

TO  COMPUTE  THE  FINAL  DEMAND  VECTORS  PER  $1,000  PROJECT  COSTS  FOR 
A CLOSED  INPUT-OUTPUT  MODEL  USING  1958  DATA  WITH  DEFlATOR 

DOUBLE  PRECISION  SUM 

DIMENSION  IND! BA) ,FX( 8A, 12 ) ,FY( 12, 5 ) .SUM! 12) .TOTAL! 12) 

COMMON  /BKl/FD! 8A, 12 ) .! 5FL! 8A ),M,N, IOUT, INP 
COMMON  /BK2/FA!  12,12) 

DATA  NR.NC/84,12/ 

M = NR 
N = NC 
MN 1 =M-1 


READ  AND  WRITE  INPUT  FILE 


c 


WRITE! I OUT, 100) 

on  10  1=1. m 

READ! INP.200)  1 NO ( 1 ) . ( FX ( I «J).J  = 1.N) 

DO  5 J=1 . 8 

5 F0(  I . J)  = F){(  I . J 1 
DO  6 J=9» 1 1 

6 FD( I » J ) =FX(  I * J+l ) 

FD( I , 12)=FX! I .9) 

WHITE! 1 OUT . 600 ) I ND ! I ) ♦ ( FD( I . J ) » J = 1»N) 

10  CONTINUE 
C 

WRITE! I OUT • 300 ) 

DO  20  1=1, MN1 

READ! INP.400)  I ND ( I ) , DE FL ( I > 

WRITE! I OUT , 400 ) I ND ! 1 ) , DE FL ( I) 

20  CONTINUE 

C 

C COMPUTE  THE  NATIONAL  FINAL  OEMAND  FOR  1963 

c 

DO  25  1=1, MNl 
DO  25  J = 1,N 

FD( I »J)=FD( I«J)*DEFL( I 1/100.0 
25  CONTINUE 

C 

C AGGREGATION  IN  ORDER  TO  MAKE  10  INDUSTRIES 

C 

CALL  AGGRGT 
M=  12 
MN2=M— 2 
DO  35  J=1,N 
SUM! J)=0.0 
DO  A 5 1=1 ,MN2 

45  SUM! J)=SUM! Jl+FA! I ,J) 

FA!M, J ) =SUM( J ) 

TOT  AL ! J ) = FA!M,J)+FA!M-i,J) 

35  CONTINUE 

DO  55  1=1, M 
DO  55  J=1,N 

55  FA! 1 , J)=FAl I , J ) * 1000.0/T0TAL C J ) 

C 

C WRITE  OUTPUT 

c 

WRITE! I OUT, 500) 

Dn  30  I = 1 , M 


30  WRITE!  1 OUT  , 600 ) INO(I).  (FA(I,J),J=1, N) 

c 

C COMPUTE  the  NATIONAL  FINAL  OEM AND  FOR  GIVEN  PROJECT  AND 

C CONTRACT  COST 

c 

CALL  CONTRC(KOST«FY) 

C 

100  FORMAT! 1H1,///T5. 'NATIONAL  FINAL  DEMAND  VECTORS  IN  1958'///) 

200  FORMAT! I 10.7F10.2/1 5F10.2) ) 

300  FORMAT! //T5, 'DEFLATOR'//) 

400  FORMAT!  I5.F15.2) 

500  FORMAT! 1H1 ,///T5. 'NATIONAL  FINAL  DEMAND  VECTORS  IN  1963'/// 

>T  1 0 , 'PER  *1.000  PROJECT  COSTS  FOR  A CLOSED  INPUT-OUTPUT  MODEL'//) 
600  FORMAT! I 10, 12F9.2) 

RETURN 

END 

o****aggrgt 

c 

SUBROUTINE  AGGRGT 
C 

C AGGREGATION  OF  79  I NDUSTR I Y SECTORS  INTO  10  SECTORS 

C HOUSEHOLD  SECTOR  INCLUDED 

DOUBLE  PRECISION  SUM 
DIMENSION  L ( 1 3 ) 

COMMON  /BKl/FD! 84  » 12) .DEFLI84) ,M,N,  I OUT,  INP 
COMMON  /BK2/FA! 12,12) 

DATA  NCOL.NROW/12.12/ 

NP.0WP  = NR0W+1 

RFAD! INP, 100)  ! L! K ) , K= 1 , NROWP ) 

WRITE!  I OUT, 200) (L(K) ,K=1, NROWP) 

DO  30  J= 1 » NCOL 
DO  20  K= 1 , NROW 
M 1 = L ! K ) 

M2=L ( K+ 1 )-l 
SUM=0.0 
DO  10  I =M 1 , M2 
10  SUM=SUM+FD( I ,J) 

20  F A ( K , J ) = SUM 

30  CONTINUE 
100  FORMAT ! 1315) 

200  FORMAT! ///13I5///) 

RETURN 

END 

O=s***C0NTRC 

c 


SUBROUTINE  CONTRCtKOST . A ) 

KOST  =0  NO  COMPUTATION  FOR  CONTRACT  COST  OR  PROJECT  COST 

KOST  = 1 CONTRACT  COST  ONLY 

KOST  = 2 PROJECT  COST  ONLY 

kOST=3  BOTH  COST  ARE  USED  BUT  RETURNED  VALUES  ARE 

PROJECT  COST 

DIMENSION  B(  12,4) , A( 12, 5 ) .CCT( 5 I .ALPHA! 5) , PC! 5 ) .SUMCOL  t 84) 

COMMON  /BKl/FD! B4 , 12) »DEFL(84) ,M,N, I OUT, INP 
COMMON  /8K2/FA! 12.12) 

I F ( KOST . EQ . 0 ) GO  TO  999 
NN=4 

NNP  = NN'*- 1 
MN 1 =M-1 
MN2=M-2 
MHALF=M/2 

READ! INP, 100)  ! CCT ( J ) , J= 1 ,NNP ) 

WRITE! I0UT.110) 

WRITE!  I OUT, 100) (CCT! J) ,J=1 ,NNP) 

READ! INP,  150)  i ALPHA! J ) ,J=1 ,NN) 

WRITE! I CUT, 150)! ALPHA! J),J  = 1,NN) 

WRITE! I OUT, 120) 

READ! INP, 100)  ! PC ! J 1 « J = 1 ,NNP ) 

WRITE! I OUT ,100)(PC«J)«J=1,  NNP ) 

DO  10  1=1. M 
B( I , 1 ) = F A! 1,1) 

B(  1 , 2 ) = F A ( 1,5) 

B!  I . 3 ) = F A ( I ,B) 

B ( I,4)=FA! 1,11) 

CONTINUE 

IF! KOST . EO, 2 ) GO  TO  68 
CONTRACT  COST 


I C0UNT=1 
DO  20  1=1. M 
DO  20  J= 1 . NN 

A! I ,J)=B( I , J)*=CCT(  J)/1000.0 

CONTINUE 

DO  40  1=1. M 

SUMCOL I I ) =0.0 

DO  30  J= 1 »NN 

SUMCOL!  I ) = SUMCOL ! I ) + A! I ,J) 
A! 1 ,NN+1  ) = SUMCOL( I ) 

TOT  AL 1 =0. 0 


* 3S. 


50 


60 


c 

c 

c 

6fi 


70 

100 

110 

120 

150 

200 


250 


300 


400 

500 

999 

/* 


00  50  1=1, MN2 

TOTAL  1 = TUT  A l l+SUMCOL!  I 1 
ERROR =TOTAL  1-A  ( M.NN+l  ) 

I F ( I COUNT  . EO.  1)  WRITE! I OUT , 200 1 
IFIICOUNT  .EO.  2)  WR I T E I I OUT ,250) 

WRITE!  1 OUT , 300 ) 

DO  60  1=1, M 

WRITE!  1 OUT, 400)  I . ( A! I , J ) , J= 1 ,NNP  ) 

CONTINUE 

WRITE!  TOUT, 500)  A ! M , NN  + 1 ) , TOT  AL 1- , ERROR 
I F ( I COUNT  .EO.  2)  GO  TO  999 
IFIKOST.EO.  1 ) GO  TO  999 

PROJECT  COST 

1 COUNT =2 

DO  70  1=1, M 
DO  70  J= 1 ,NN 

A! 1 » J ) =B ( 1 , J)*PC! J)*ALPHA( Jl/1000.0 
! F ( ! .EO.  MN1)  A! I , J )=A( I , J1+PCC J>*< 1.0-ALPHA! J)) 

CONTINUE 
GO  TO  25 
FORMAT! 5F15. 4) 

FORMAT! ///TIO, 'CONTRACT  COST • » 

FORMAT! ///T 10 , ’PROJECT  COST*) 

FORMAT ( 4F 10.5 ) 

FORMAT! 1H1,///T8, 'NATIONAL  FINAL  DEMAND  VECTORS  FOR  THE  MCLELLAN- 
>KERR  ARKANSAS  R I VER ' /T2 1 , • MULT  I PL E PURPOSE  PROJECT  CONTRACT  COST* 
> ' / / T 2 7 « ' ( UNIT  $1,000  1963  PRICES)'///) 

FORMAT! 1H1, ///TO, 'NATIONAL  FINAL  DEMAND  VECTORS  FOR  THE  MCLELLAN- 
>KERR  ARKANSAS  R I VE R ' / T 2 l , • MUL T I PL E PURPOSE  PROJECT  COSTS* 
>'//T27,'<  UNIT  $1,000  1963  PRICES)'///) 

FORMA  T ( T 8. ' PROJECT ' ,T1 7,  'MULTIPLE  * ,T30, 'FLOOD' , T43, 'REVETMENTS' , 
>T56 , 'LOCK  C DAMS' ,T69, 'TOTAL ' /T8, 'CATEGORY* ,T19, 'PURPOSE • ,T33, 

>• CONTROL' , T 72 . ' PROJECT ' /2X , ' 1-0  SECTOR'/) 

FORMAT! I B, 7X, 5F13.2) 

FORMAT! 1H3.2F20.2.F10.4) 

RETURN 

END 
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Appendix  A 

Tape  Operation  for  UN  I VAC  1103 
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(1)  To  write  or  read  a tape, 

CALL  NTRAN(Uni t, Opr, Size, Namr , LAV, 22) 
where 

Unit:  logical  unit  number 

Opr  = 1 for  write  on  a tape 
= 2 for  read  a tape 

Size:  the  size  of  a matrix  (mxn)  will  be  mn 

Name:  the  name  of  variable 

(2)  To  rewind  a tape, 

CALL  NTRAN(Unit,  Opr, 22) 
where 

Unit:  logical  unit  number 

Opr  = 10  for  rewind 

(3)  To  assign  a tape  for  reading, 

0ASG.TJ  Unit. ,8C,Tapeid 
where 

J:  option  for  label 

Unit:  logical  unit  number 

Tapeid:  tape  I.D. 

8C:  physical  unit  number 

(4)  To  assign  a tape  for  writing, 

@ASG,TJ  Uni t. ,8C, Tapeid  W 
where 

W:  for  enabling  writing 
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Appendix  B 


Inverse  Matrix  and  its  Suhmatricis 
The  direct  and  indirect  and  induced  requirement  is  computed  by 
inverting  I-TA.  The  inverse  matrix,  E,  is  a 320x320  square  matrix. 
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, n=80 
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DATA9  is  stored  on  a tape  as  shown  in  figure. 
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